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Abstract 
Visual information is processed by the brain in a large number of functional sites across a 
network of anatomically separate areas. In order to guide coherent behaviour, visual 
attention is required to select and integrate information regarding the spatial and 
perceptual attributes of separate objects from the numerous areas involved in their 
representation. The empirical work reported in this thesis investigates the role of spatial 
information in guiding this process and considers the different types of representation that 
may be involved. Using an experimental paradigm designed to disambiguate priming in 
egocentric and allocenttic coordinates, the thesis contrasts the predictions of location and 
object-based models of attention across a series of experiments that manipulate the way 
attention is oriented to the location or identity of objects in the visual scene. Initial 
chapters investigate the distinction between exogenous and endogenous attention and its 
implication for the coordinate frame in which selection occurs. Subsequent chapters 
investigate the role of non-spatial attributes such as colour differentiation and grouping in 
determining the nature of spatial representation underlying shifts of attention as well as 
spatial-temporal constraints on object-based priming. The results across the thesis are 
inconsistent with the distinction imposed by space and object-based models of ｾｴｴ･ｮｴｩｯｮ＠
and instead support a more flexible account in which attentional mechanisms activate 
representations that combine non-spatial and spatial information about localised objects 
at a number of levels of spatial description. 
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Prologue 
The aim of this thesis is to investigate the role and nature of spatial information 
underlying shifts of covert visual attention. Using a single experimental paradigm, 
the following chapters present a series of experiments designed to determine the 
various factors that influence the type and level of representation upon which 
selective mechanisms operate. By manipulating the way attention is directed towards 
the location or features of objects in the visual field, the thesis systematically 
addresses a number of questions that have arisen from a body of literature that is 
characterised by its breadth and diversity. Drawing upon behavioural, 
neuropsychological and physiological data, the series of experiments is designed to 
extend our understanding of the way attention modulates the processing of perceptual 
information in response to changes in the task and the stimuli in question. In addition, 
the thesis also confronts a number of inconsistencies in the literature by adopting a 
standardised paradigm to address questions raised by researchers who have employed 
a variety of experimental methods. 
1.1.1. Attention as a filter 
Throughout our lives, we are bombarded by sensory experience; sights, sounds, 
smells, tactile sensations and tastes. In order to limit the amount of information the 
brain has to process and to enable guided rather than reflexive behaviour, the brain 
must have some way of filtering or selecting that which is relevant at any given 
moment from the vast array of sensory information available. Since its earliest 
formulations, the capacity to select or filter has been central to the development of 
attention as a psychological construct. In 1890 for example, James described 
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attention as 'the taking possession by the mind in clear and vivid form of one out of 
what seem several simultaneous objects or trains of thought.' Using similar 
terminology, Titchner argued that the function of attention was to increase clarity 
while Kulpe described attention in terms of boosting the discriminability of objects or 
events (1908; 1902, cited in Pashler, 1998, p. 2). Based on phenomenological 
experience, these early definitions and the study of the concept they desctibed became 
unfavourable during the precedence of behavioural psychology between 1920 and 
1950 (Pashler, 1998). 
Interest in attention was reawakened by the emergence of cognitive theories of 
psychology during the 1950s. In particular, information-processing theorists 
introduced a number of concepts that have continued to shape the study of attention to 
date. These included the idea that perceptual information could be coded at multiple 
levels of representation and that a central processing capacity limits the amount of 
information that can be processed at any one time. Guided by these two factors, 
researchers were interested in the way selective attention constrains or filters the 
amount of information passed between parallel sensory systems and a perceptual 
system with a limited processing capacity (Broadbent, 1958). This conceptual model 
and its accompanying methods also initiated a question which continues to 
characterise investigations of selective attention to date, namely, at what level of 
representation (and where in the brain) does attention first act to filter or gate non-
attended incoming sensory data? 
Early work designed to localise the attentional filter or processing 'bottleneck' 
produced conflicting data. Different researchers produced results that were consistent 
3 
with selection before (early) and after (late) a full perceptual and semantic analysis of 
non-attended information had taken place. Using dichotic listening tasks for example, 
Broadbent (1952) and Cherry (1953) found that when subjects attended to one ear 
only, they had great difficulty reporting what been presented to their unattended ear. 
Manipulations that disrupted the semantic content of the words such as reversal, the 
use of nonsense strings or words from a different language (Cheny, 1953) were not 
noticed when they were played to the non attended ear. Subjects did, however, notice 
gross changes in the pitch of these words, for example when the speaker changed 
from a woman to a man. This finding was interpreted as evidence for an early 
attentional filter that restricted the level of processing for non-attended information to 
an analysis of physical features such as pitch but excluded analysis at semantic levels 
of represention. Using the same paradigm, however, Moray (1959) found subjects 
were able to report the occurrence of their name when it was presented to the non-
attended ear. In this case the semantic filter had not been exclusive and non-attended 
information had been processed beyond a physical level to include an analysis of 
meaning. 
The variability in the locus of the selective filter in response to changing task 
demands and a growing appreciation of modularity in the organisation of the brain 
prompted a move away from the idea of a central filter or attentional 'bottleneck' in 
the 1970s and 1980s. Evidence from neuropsychology and neurophysiology for 
distdbuted cognitive processes in separate functional areas of the brain challenged the 
idea of a unidirectional (albeit parallel) flow of information from perceptual to 
semantic levels of analysis. Patients suffeting localised brain damage to different 
areas illustrated the selective perturbation of separate neural systems responsible for 
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spatial processing (e.g. hemispatial neglect), object recognition (e.g. apperceptive 
agnosia) and task planning and maintenance (e.g. executive function deficits). The 
independence of these separate impairments could not be accommodated within 
traditional serial models of processing. Parallel distributed processing approaches to 
computation (e.g. McClelland and Rumelhart, 1981) and their application to our 
understanding of the way the brain works also precipitated a shift away from the 
limited capacity serial processing models that had informed earlier accounts of 
attention (Styles, 1997). Instead, researchers began to emphasise modular constraints 
and the potential for separate filters or selective mechanisms rather than any single 
capacity limitation. 
1.1.2. Selection for action 
The shift away from notions of a single attentional filter was charactetised by a 
renewed interest in the function of selective attention. Researchers began to 
reconsider the role of selection in terms of prioritising separate (and competing) 
sources of information to guide coherent behaviour. Allport (1987) for example, 
suggested there must be a mechanism (or set of mechanisms) able to selectively 
designate a subset of the available information to control a particular response or 
action. Rather than a limit in processing capacity (as in earlier models) Allport (1987; 
1989) argued the role of attention was to deal with a limited capacity at the response 
stage as humans and animals have only a limited number of effector systems with 
which to respond to the many external and internal events processed by the brain. 
Having only one set of eyes for example, limits the number of visual items that can be 
foveated at any one moment in time. According to this account, the absence of 
selective mechanisms at the control stage would lead to a breakdown in guided 
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behaviour with each visual object processed by the brain (in parallel) competing 
simultaneously for a patticular response. This problem becomes even more acute if 
one imagines multiple levels of representation for each object in the visual scene all 
competing for a response at the same time (Neumann, 1987). 
Although the assumption that attention functions to protect limits at the response 
rather than earlier stages of perceptual processing has not been universally accepted 
(e.g. Desimone & Duncan, 1995; Itti & Koch, 2000) it has informed two important 
aspects of contemporary attention research. In particular, the multidimensional nature 
of selection across a variety of situations and cognitive domains has led to a 
distributed approach to attention where control is attributed to an 'ensemble of 
mechanisms' or networks rather than any single control structure (with a patticular 
location) in the brain. Posner & Raichle (1994) for example, desctibe attention as the 
output of an interactive network of cortical areas that is involved in three aspects of 
attention: vigilance, visual orienting and executive function. Allport (1989. p. 653) 
also suggests attention has a number of functional components that operate to 
prioritise stimuli in terms of their motivational importance and external salience. 
These operate via; (i) internally generated predictive control (ii), externally elicited 
shifts of engagement and (iii), active combinations of both (i) and (ii). The interaction 
of these component functions produce what Allport (1989) described as the 'effective 
attentional engagement (or set) of the individual at any one time.' 
The emphasis on the instantiation of a dynamic attentional set in selection has also 
changed the nature of the 'early, late' debate. Rather than investigating a single filter 
(Broadbent, 1958; Deutsch & Deutsch, 1963), current research has tended to 
6 
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investigate the levels of representation (across multiple domains) that are 
preferentially activated and the way these change in response to different task 
demands (e.g. Allport, 1987; 1989; Lavie 1995; Luck et al, 2000; Marcel, 1980; 
Neumannn, 1987; Posner, 1978; Shallice, 1978). It has also emphasised the flexible 
nature of selectivity in systems where selection operates by biasing competitive 
interactions between the neural subsystems that provide information about our 
external environment, our cun-ent aims and goals and those that determine the way we 
respond to both these factors (e.g. Desimone & Duncan, 1995; Duncan et al, 1997; 
Behrmann & Haimson, 1999). 
1.1.3. Visual attention: function and constraints 
This emphasis on selection in the face of competing stimuli and the ease with which 
we are able to attend to particular aspects of our external environment belies the 
complexity of the task. In the visual domain, the operation of attention is constrained 
by at least two factors: (i) the neural mechanisms that represent visual information 
from the environment and (ii), the mechanisms that select from multiple 
representations those which are most appropriate to the perceptual-motor demands of 
the cun·ent situation. It is now well established that different aspects of the visual 
scene are processed within separate functional areas of the brain (Zeki, 1971; 
Livingstone & Hubel, 1988; Van Essen, 1991). Selective mechanisms designed to 
bias the representation of any single object must first integrate or 'bind' information 
from different areas into a single representation (e.g. Treisman, 1988). The 
perception of an apple for example, might entail the integration of visual atttibutes 
such as shape, colour, motion and texture from areas as diverse as the inferior 
temporal cortex (IT), V4, and V5. Once established (or as a function of their 
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fonnation) the selection of any one object must also entail an enhancement in the 
relative activation of those cells that represent its collective attributes. This selective 
facilitation entails a segregation of the visual scene into those combinations of 
features that are important for the current task. The same features at different 
locations or belonging to different objects cannot be subject to the same facilitation if 
selection is to operate effectively. In order to enable coherent perceptual or motor 
behaviour in the face of multiple competing stimuli, mechanisms of selective attention 
must, therefore, be able to meet the dual demands of integration and segregation. 
1.2. Early theories of visual attention 
Early theories of visual attention were principally informed by the ｣ｯｮ｣ｾｰｴ＠ of 
selective processing within a capacity limited visual system. Experimenters sought to 
manipulate the degree that certain visual stimuli were attended at the expense of 
others in order to elucidate the mechanisms responsible for selection. 
1.2.1 Space-based models of attention 
One factor that was particularly amenable to manipulation was the role of spatial 
location in concentrating processing resources at a single position in the visual field. 
Posner and his colleagues for example (Posner, 1978; 1980; Posner et al, 1980), 
investigated detection and discrimination measures for visual targets whose location 
had been previously primed with either a central or peripheral cue. Using four boxes 
to denote four potential target locations arranged around a fixation point, central cues 
consisted of an an·ow or number indicating the most likely location that a forthcoming 
target would appear. Peripheral cues entailed briefly illuminating the box within 
which the target was most likely to appear. By manipulating the predictive validity of 
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the spatial cue, Posner and colleagues found a reliable advantage in response times for 
targets validly precued with both central and peripheral primes. Invalid cues, 
however, slowed response times relative to baseline responses that were made in the 
absence of any spatial cue. Likening this ability to select locations covertly as the 
movement of a spotlight, Posner et al. (1980, p.172) suggested selective attention acts 
to 'enhance the efficiency of the detection within the focus of its beam.' 
Informed by this idea, a number of results supporting the role of location in guiding 
attention were obtained from studies investigating the extent of the selected area and 
its effect on performance. Precueing location was found to enhance detection 
thresholds for changes in luminance as well as discrimination perfotmance for shape 
and colour defined targets (Posner et al, 1980; Downing, 1988; Hawkins et al, 1990; 
Luck et al, 1996). These effects persisted even when the cue specified a location in an 
entirely empty visual field (e.g. where just a region of space rather than an object was 
cued). Costs in response times and accuracy for targets simultaneously presented in 
close proximity to distractor items were also interpreted within a spatial framework 
(Eriksen & Erikson, 1974; Erikson & St. James, 1986; Estes, 1982). Multiple stimuli 
falling within the attentional focus were thought to compete for processing resources. 
As the distance between objects increased, interference between them decreased. 
As more research was carried out, different experimental methods produced varying 
estimates of size for the attentional focus, prompting a number of modifications to the 
spotlight model. Erikson and St. James (1986) and Erikson and Yeh (1985), for 
example, suggested a zoom-lens model where the extent of the area selected could 
vary rather than being fixed. LaBerge and Brown (1989) also proposed a variable 
9 
apetture of selection in theh: gradient theory of attention. Using either a letter or word 
discrimination task to vary the spatial focus of attention, they found response times to 
a second target (probe) varied according to its location. When the first target was a 
single letter, response times were fastest for probes presented to the same location as 
the initial target. When attention was oriented to the word as a whole, response times 
to the probe were equivalent in-espective of its location with respect to the original 
word. Changes in the shape and size of the priming event had, therefore, resulted in 
changes in the size and shape of the area selected by attention. 
1.2.2. Selection by non-spatial attributes 
Although the above differ in the way the selective aperture is fixed, each adheres to 
the concept of attention operating upon an unparsed region of space (Driver, 1998). 
Data challenging this idea came from a number of laboratories investigating how 
attention might select objects grouped by factors other than common location. · Driver 
and Baylis (1989) for example, found greater response competition for far distractors 
that had the same motion as the target than for nearer distractors that did not move. 
They interpreted this as evidence that grouping by common motion rather than simple 
proximity had affected the distribution of selective attention. In an extension of this 
paradigm, Baylis and Dtiver (1993) sought to determine whether grouping by colour 
or continuity would also affect target selection. They found that distractors that could 
be grouped with a central target by colour or contour produced more interference 
(slower RT) than near distractors that did not group with the target on the basis of 
these attributes. In both cases, grouping by non-spatial attributes had created greater 
response competition than spatial proximity. This finding along with other results 
(Harms & Bundesen, 1983; Kramer & Jacobson, 1991) seemed to challenge space-
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based accounts of attention and argued against an attentional spotlight that selected 
unparsed regions of space only. Instead, the allocation of attention was thought to 
depend upon pre-attentive processes that parsed the visual scene into candidate 
objects on the basis of Gestalt type principles. According to object-based accounts of 
attention, it is these units rather than unsegmented regions of space that are selected 
by visual attention (e.g. Dtiver & Baylis, 1989). 
Supporting evidence for the role of objects in selective attention came from a series of 
experiments initiated by Duncan in 1984. Using a two-object display, Duncan 
required participants to make judgements about the geometric propetties of either one 
or two objects during a brief presentation period. When judgements related to a 
single object, accuracy rates across one or two configurable aspects remained 
equivalent. When judgements related to separate objects, however, a reliable decrease 
in accuracy was found. As both objects were spatially superimposed in each 
condition and the proximity of each judged attribute controlled, Duncan (1984) 
argued this finding was incompatible with a purely spatial account of attention. 
Instead, he suggested attention was directed towards objects in the visual scene, with 
costs in accuracy for separate targets reflecting a difficulty in selecting more than one 
object simultaneously. 
Using a modified version of Duncan's task, Vecera and Farah (1994) sought to 
investigate the extent that the selection of visual objects operated independently of 
location. They introduced two conditions where targets were presented either at the 
same location (superimposed) or separately (either side of a central fixation). 
Replicating Duncan's finding, Vecera and Farah (1994) found a reliable advantage in 
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judging multiple attributes of a single object compared to separate objects. 
Surprisingly, however, they found no effect of spatial separation. The disadvantage 
for separate object judgements was independent of the distance between them. This 
lack of spatial effect was interpreted by Vecera and Farah as evidence for attentive 
mechanisms that select objects independently of where they are located in the visual 
field. Drawing upon Marr's (1992) processing framework, they suggested that 
attention is directed towards a 3D spatially invariant representation of the target that 
codes its generalised geometric properties but not its location. 
1.2.3. Location-based versus object-based: a false dichotomy? 
Although traditional proponents of location-based and object-based models of 
attention have tended to see each as mutually exclusive (Ddver, 1998), recent data 
suggests such a dichotomy is misleading. Egly et al (1994) for example·, found 
variations in RT that were consistent with spatial and object-based selection in the 
same ·task. They used two rectangular objects to vary the spatial relationship between 
a cue and subsequent target in two ways. To measure costs associated with switching 
attention between objects, response times were measured for targets appearing in the 
same or the opposite rectangle to that cued. To measure spatial effects within the 
same object, response times were contrasted for targets appearing at the same or 
opposite ends of the cued object. The distance between the cue and target in each 
condition was constant and the analysis revealed reliable effects both between objects 
(object-based) and within objects (space-based). 
Other researchers investigating spatial effects have also found evidence for the 
coexistence of spatial and object-based effects. Kramer et al (1997) for example, 
extended Vecera and Farah's ( 1994) study by using probe stimuli to measure spatial 
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attention at the location of objects that were presented separately or at the same 
location. Responses to probes at the location of an object that required judgements of 
shape were faster than those at the location of an object that didn't require any 
judgement. As the probe could not be associated with either object except by 
common location, Kramer et al's data was inconsistent with the notion of object-
based selection that was independent of location. Instead they suggested that 
attention, like a spatial silhouette, operates by activating locations that conespond to 
the selected object's shape. This account suggests that attention is allocated to objects 
in the visual scene by mechanisms that are sensitive to spatial and non-spatial 
grouping principles that parse the visual field into localised perceptual objects. 
In a series of expetiments, Cave and colleagues draw a similar conclusion using tasks 
designed to encourage selection on the basis of non-spatial features. Cave and Pashler 
(1995) for example, used colour to specify one of two simultaneously presented 
streams of digits and asked respondents to report the highest value from the target 
colour stream. Despite location being inelevant to petformance on the task, accuracy 
varied according to whether same coloured digits appeared at a single location or 
altetnated between two locations. The efficiency of selection by colour had varied as 
a function of spatial location. In a similar experiment, Kim and Cave (2001) 
measured response times to a probe presented at the location of distractors that either 
shared or did not share a target letter's colour. Reaction times to probes presented at 
the location of a dis tractor that had not shared the target's colour (after an initial 
facilitation), were reliably slower than those to probes that had, suggesting relative 
facilitation at locations that were grouped with the target by common colour. The 
same result was found by Kim and Cave (1999b) in a visual search task where 
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distractors were grouped with the target on the basis of their shape. Taken together, 
these results suggest that when attention is directed to objects grouped by a non-
spatial attribute such as their colour or shape, attention operates by boosting activation 
at those locations that are occupied by objects with the selected features. This hybrid 
account called 'object directed location selection' by Kim & Cave (2001; p. 620), 
incorporates selective mechanisms that act upon grouped object-based representations 
within a spatial model in which object locations are coded in a spatiotopic 
representation of the visual scene. 
Empirical findings like those above (see also Tsal & Lamy, 2000; Lamy & Tsal, 
2000) have prompted a shift away from accounts of attention that are exclusively 
space or object-based. Instead, contemporary debate now centres on the relative 
importance of location in guiding shifts of visual attention and those factors that 
influence the use of space and object-based processes (see Van de Heijden, 1993; 
Lamy & Tsal, 2001 for reviews). With the exception of Vecera and Farah (1994), 
advocates of object-based models acknowledge location as a potentially useful 
principle for segregating the scene into candidate objects (e.g. Humphreys, 1981; 
Baylis & Driver, 1993). Similarly, contemporary location-based models recognise 
non-spatial grouping factors as potentially useful in guiding the allocation of attention 
towards the location of objects in the visual scene (e.g. Kim & Cave, 2001). This 
convergence between two once exclusive accounts reflects growing evidence for an 
attentional system that integrates spatial and non-spatial information flexibly in order 
to achieve a selective strategy most appropriate to the task in question (e.g. Duncan, 
1996: Logan, 1996). When and how the relative contribution of spatial and non-
spatial information interact under different circumstances are now central questions in 
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understanding how we are able to attend selectively to certain aspects of our visual 
environment. 
1.3. Nature of spatial representation underlying selective attention 
As well as investigating the role of spatial information in guiding selective attention, 
research has also investigated the nature of spatial representation involved. Informed 
by evidence that the brain computes multiple coordinate maps of space and a growing 
emphasis on the functionality and flexibility of attention, the cun-ent debate centres on 
changes in the nature of spatial representation underlying selective attention in 
response to different task demands and the visual stimuli in question. 
1.3.1. Egocentric and allocentric spatial coordinates 
Although we perceive space as unitary, the pattern of spatial deficits presented by 
patients who have suffered brain damage suggests the brain codes locations in more 
than one spatial coordinate frame. One of the most documented pattetns of spatial 
deficits is a disorder known as hemispatial neglect. Characterised by inattention to 
and unawareness of the side of space contralateral to the causal lesion (Robertson, 
1999), neglect patients may ignore food placed on the left side of their plates, draw 
only the tight side of objects or fail to comb their hair or dress the left side of their 
bodies. The facts that these symptoms can sometimes generalise across modalities 
and be alleviated by interventions such as pre-cueing locations in the non-attended 
hemifield is evidence that neglect is underpinned by an attentional rather than a 
general sensory deficit (see Banich, 1997 for a review). Research into the spatial 
basis of neglect has discovered that the pattern of spatial deficits associated witl:l the 
disorder can be apparent in at least two separate classes of coordinate frame: those 
15 
where an object's location is defined relative to the viewer (egocentric) and those 
where locations are defined relative to an origin in the environment independently of 
the viewer (allocenttic). 
Behrmann et al ( 1999) for example, measured the latency and accuracy of responses 
to targets at varying eccentticity from the centre of gaze among a group of neglect 
patients. When the eyes, head and trunk were all aligned, response latencies reflected 
a gradient of neglect across the left of the visual field that started at the central 
fixation. When the centre of gaze was shifted 30° to the left (shifting targets that -were 
on the left of fixation to the tight), response latencies were significantly reduced for 
those targets. When the centre of gaze was shifted to the tight, no change in response 
latencies was observed. Neglect, was therefore, associated with a region of space 
defined by a retinal coordinate, the centre of gaze. Evidence for neglect relative to 
other egocentric referents has also been found by a number of researchers. These 
include the vertical midline of the head, the body and the longitudinal axis of limbs 
involved in actions such as reaching towards a target (see Behrmann, 1999 for a 
review). This hierarchy of effects suggests there may be more than one 
transformation of locations that are originally coded in retinotopic coordinates to 
those egocentric coordinates that are most appropriate to the circumstances and 
actions required in any given situation (e.g. Andersen et al, 1985; Behrmann et al, 
2002). 
Calvano et al first reported evidence for neglect in allocentric coordinates in 1987. 
Using two conditions where patients sat upright or were tilted by ninety degrees, they 
contrasted accuracy rates on a letter detection task for targets presented to the left of 
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the viewer's (changing) midline and to the left of an environmental midline that was 
independent of the viewer's orientation. They found that detection rates varied 
according to both coordinate frames. Changes in detection accuracy as the participant 
moved through 90° reflected neglect that was defined by an egocentric coordinate. 
Failure to detect letters on the left of the display inespective of the viewer's location, 
reflected neglect in environment-centred coordinates. 
Using a similar manipulation, Farah et al (1990) also found neglect in both egocentric 
and allocentric coordinate frames. They asked participants to respond to letters 
distributed within line drawings of common objects and animals and rotated the 
viewer relative to the display in order to dissociate petformance attributable to neglect 
in egocentric and allocentric coordinates. Again, the distribution of letters that were 
detected reflected two axes. In the first, neglect was defined relative to the viewer's 
midline and in the second, neglect occurred for letters to the left of the object's 
vertical midline. Both experiments, therefore, provide evidence for multiple spatial 
codes that localise targets relative to the viewer as well with respect to the midline of 
the visual scene independently of the viewer's position. In an experiment designed to 
contrast the relative contribution of these two coordinate systems, Mennemeier et al 
( 1994) presented line bisection tasks to patients who had previously been shown to 
exhibit neglect in egocentric and allocentric coordinates. They found the variability 
in the patient's bisection etTors was better predicted by scene-based than egocentric 
coordinates and concluded that although both frames exist, locations coded in 
allocentric coordinates exerted a greater influence than those coded in egocentric 
coordinates. 
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1.3.2. Spatial coordinates between and within objects. 
The two spatial coordinate frames discussed so far are both implicated in coding the 
location of separate objects in the visual scene. This can be contrasted with a second 
type of allocentric coordinate system, which codes the relative location of separate 
parts within a single object (Baylis & Driver, 1993; Gibsen & Egeth, 1994). 
Locations in object-centred coordinates are coded with reference to the invariant 
structure of the selected object rather than relative to an egocentric referent or other 
objects in the scene. Like Man·'s (1982) 3D sketch, the spatial structure of each 
object is described in terms of three principal axes (x, y and z) defined with -respect to 
an origin within the object. 
An important distinction between environment-based and object-based allocentric 
coordinates is the invariant nature of spatial relations within object-centred 
representations. While the independent spatial locus (where) of separate objects in a 
scene can change over time, shape based identity (what) in an object-centred 
representation requires the relative location of each component part to re1:Uain fixed 
(e.g. Tipper & Weaver, 1998). Rather than an absence of spatial information, the 
selection of object-centred representations is based explicitly on the spatial 
(geometric) properties that define the object's shape over time and space. The 
distinguishing feature between the two fotms of allocentric representation, therefore, 
is not the absence of spatial information in object selection, but the nature of spatial 
information available, its stability over time and the way it informs object 
identification, differentiation and selection (e.g. Baylis & Driver, 1993; Farah et al, 
1990). 
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A number of studies have provided evidence supporting a distinction between 
attentional selection directed towards single or grouped objects. Donnnelly et al 
(1991) for example, found different search functions in multi element displays that 
varied when factors designed to affect the way the image was parsed into a single or 
multiple objects were manipulated. Elements that could be grouped as a single 
perceptual object by good continuation, or closure, produced search functions that did 
not increase as a function of the number of items in the display. Elements that could 
not be grouped by continuation or closeness (e.g. where an outward facing corner 
amongst elements disrupted the outline of a square or pentagon) in contrast, produced 
search functions that did increase as a function of the number of elements in the 
display. These differences suggest that the selection of separate elements and those 
within a perceptual group proceeds differently with individual elements in a single 
object processed in parallel (efficiently) while separate objects (or groups of objects) 
are processed serially (inefficiently). 
Other support for the distinction in the allocation of attention between and within 
objects comes from experiments designed to investigate the degree of response 
competition from neighbouring elements in a display that can or cannot be grouped 
with the target. Using featqres such as common colour (Harms & Bundesen, 1983), 
common motion (Baylis & Driver, 1989) and connectivity (Fox, 1998), these 
experiments have found a reliable increase in interference from distractors that are 
grouped with the target compared to those that were not. Fox (1998) for example, 
measured negative priming for letters used as probes and targets in a display 
consisting of three circles that were presented separately or joined by a single line. 
She found negative priming for target items in the central circle that had previously 
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been presented in one of the flanking circles was significantly greater when all three 
circles were joined compared to when each was presented separately with no 
connecting line between them. 
A number of researchers have found evidence for hemispatial neglect in object-
centred coordinates. Dtiver and Halligan (1991) used two objects presented one 
above the other and varied the shape of each so that they did or did not match. When 
differences between each object were restricted to the left hand side of an 
environmental midline, their participants produced the expected scene-based neglect. 
When the objects were rotated so that they moved into the right-hand side of display 
(in the intact hemifield in scene-based coordinates), however, their patticipants still 
failed to notice differences that occun-ed relative to a vertical axis that passed through 
the centre of each object rather than one defined by the display. Neglect was, 
therefore, associated with a portion of each object independently of its location in the 
visual environment. 
Behrmann and Tipper (1994) also report object-centred neglect. They disambiguated 
scene-based and object-centred neglect using static and moving stimuli to measure 
effects relative to the midline of the scene and those relative to the midline of an 
object independently of its position in the scene. Joining two coloured circles to form 
a barbell object, Behtmann and Tipper (1994) asked their patients to report the onset 
of a white dot that appeared in either circle. In the static condition, etTors reflected 
the expected left field neglect with respect to the midline of the scene. However, 
when the barbell was slowly rotated through 180° neglect followed the end of the 
barbell as it crossed from the neglected left side of the environmental midline into the 
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right (or good) side. Behtmann and Tipper (1994) interpreted this effect as the result 
of a gradient of attention that favoured the right side of an object at the time of 
encoding and remained tied to that side despite changes in its orientation or location 
in the visual scene. Like Vecera and Farah's (1994) proposal for spatial invariance, 
these findings suggest an attentional scale that selects objects and encodes their 
internal relations without reference to their (between object) location in either 
egocenttic or scene-based allocentric coordinates. 
1.3.3. Task related shifts in spatial coordinate frameworks. 
Interest in the nature of spatial representation underlying selective attention has come 
not only from evidence for multiple coordinate frames but also a growing emphasis 
on the functionality of selective mechanisms and an appreciation of their flexibility. 
Researchers are becoming more interested in the role of attention in selecting 
infmmation in the particular coordinate frame that is most approptiate to petformance 
of the cuiTent task (e.g. Robertson, 1999). This approach to attention research is 
perhaps best exemplified by research investigating inhibition of return (lOR). First 
desctibed by Posner and Cohen (1984), lOR results in a reliable increase in reaction 
time at cued compared to non-cued locations either after about 300 milliseconds or 
when attention has moved elsewhere in the visual field. Thought to reflect a bias 
against returning attention to the location most recently attended, this robust effect has 
been observed by a number of researchers across a range of expetimental paradigms 
(see Milliken and Tipper, 1998 for a review). 
Initially concerned with the distinction between egocentric and allocentric (scene-
based) coordinates, research into the spatial basis of lOR has recently focussed upon 
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attentional mechanisms that select a particular spatial representation in order to guide 
goal directed action. Abrams and Pratt (2000) for example, investigated the nature of 
spatial representation underlying tasks that did and did not require a saccade towards 
the target. In agreement with previous studies (e.g. Posner & Cohen, 1984), they 
found lOR at locations coded in allocenttic coordinates for targets that did not require 
a saccade. For targets requiting a saccade, however, lOR was associated with the 
retinal location of the cued target rather than its allocentric coordinate. This task-
based distinction led Abrams and Pratt (2000) to conclude that the brain could bring 
inhibition to bear upon different behaviours in the coordinate frame that was most 
approptiate to its ･ｸ･｣ｵｴｩｾｮＮ＠ Spatial parameters coded for a forthcoming saccade use 
coordinates coded in the coordinate frame most appropriate for eye movements, a 
retinotopic frame of reference. When eye movements are not required, information in 
the same display is coded differently, so that locations are specified in an allocenttic 
coordinate frame that codes locations independently of their position in egocentric 
space. 
Other inhibitory effects have been associated with a hand-centred frame of reference. 
Tipper et al (1992) for example, investigated the patte1n of spatial interference 
produced by a distractor upon reaches to a target stimulus. By varying the start point 
at which reaches were made, they were able to disambiguate hand-centred 
interference effects from those attributable to retinotopic, head or body-centred 
coordinates. They found that reaches towards colour defined targets were slowed 
most by distractors whose location fell between the hand and the target itself. The 
spatial pattern of this effect changed with the start point of the reach even when the 
position of the target and the head and body remained constant. This suggests that in 
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this task, distractors competed for selection and were inhibited in a coordinate frame 
centred upon the hand. 
Research into the kinematics of reaches (path and velocity profiles) also supports the 
existence of hand-centred coordinates (Tipper et al, 1999). Reach profiles towards 
colour defined targets change as a function of the location of a distractor with 
distractors between the target and the hand producing paths that veer away from the 
distracting item. To account for this, Tipper and colleges proposed a model of 
selection in which objects compete for selection. Actions are programmed and 
prepared for each object in the visual scene with selection arising from the interaction 
of top-down and bottom-up influences that bias activation in favour of a particular 
object. Bottom up attributes such as location relative to the reaching hand and top 
down factors, such as an intention to select an object with a particular set of features, 
interact to bias activation among neurons representing each object. Motor programs 
for objects that are task irrelevant (e.g. the wrong colour and shape) are inhibited, 
producing relative activation among the population of cells that represent the selected 
object and its associated actions (e.g. a saccade or reach). 
1.4. Selective bias, where, when and what? 
The concept of bias is common amongst theories of visual attention. Duncan ( 1996) 
for example, suggests that the selection of a particular location or object is derived 
through a gain in its representation at the expense of other locations or objects in the 
visual field. What changes across the different models desctibed above is the level of 
representation at which attention first acts to bias (prioritise) activation in order to 
instantiate selection. According to space-based models, selection occurs at the level 
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of spatial representation. Inputs from a particular location in the visual field are 
favoured over others by a spatial window of selection (e.g. Eriksen & Hoffman, 1973; 
Posner, 1980). Object-based accounts posit a selective bias that favours objects rather 
than locations (e.g. Driver & Baylis, 1989; Duncan, 1984) while hybrid accounts 
suggest selection can occur in multiple areas that represent both spatial and non-
spatial target atttibutes (e.g. colour, shape or semantic identity: Duncan et al, 1997; 
Kim & Cave, 2001; Kramer et al, 1997). The contention between these accounts can 
be re-described in terms of the hierarchical structure of visual areas in the ventral 
processing stream and the degree to which attentional modulation is thought to 
generalise across the cortical map in each area (Tootell et al, 1998). Spatial models 
imply a locus of selection that operates in early cortical areas where the topography of 
the retina is preserved such as V1 and V2. Object-based models imply a ｾ ｬｯ｣ｵｳ Ｎ＠ of 
attentional bias that operates at higher cortical levels where the topography of the 
retina is less precise or no longer preserved such as the inferior temporal cortex (IT, 
Desimone & Duncan, 1995). 
While both space-based and object-based models assume a transmission of attentional 
effect from the initial (low or high) locus of selection, they are often distinct in terms 
of how far this effect transmits to other levels of the visual processing hierarchy. 
Space-based models such as Treisman and Gelade's Feature Integration Theory (FIT: 
1980) assume the initial locus of attention occurs in a retinotopic master map of 
locations. Attentional bias in this low-level spatial representation projects, via feed-
forward connections, to feature maps where shared activation enables spatial and non-
spatial infotmation to be conjoined into a perceptual object. In FIT, these feature 
maps are analogous to higher order areas of the cortex that code non-spatial features 
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at varying levels of retinotopic specificity1• Object-based models in contrast, are 
based on the implicit assumption that attention first acts to bias activation at higher 
levels of the visual processing hierarchy where objects are represented relatively 
independently of location. In its strongest form (Vecera and Farah, 1994), the 
selection of spatially invariant object representations assumes a locus of activation 
that does not transmit to lower-level areas that code the object's location. Weaker 
versions allow selective bias to propagate from high to low-level areas where object 
features are localised while hybrid models assume interchange across all levels of the 
processing hierarchy (e.g. Driver & Baylis, 1989; Duncan, 1984; Kramer et al, 1997). 
In the latter, activation is considered parallel rather than serial, with selective bias the 
result of a convergence of activation across multiple domains for the selected object 
(e.g. Duncan et al, 1997; Kastner & Ungerleider, 2001; Kim & Cave, 2001). 
The locus of attention and its generalisability across representational maps is not 
restricted to the space versus object debate but is also relevant to separate levels of 
spatial coding. Evidence for egocentric and allocentric priming (or lOR) in the same 
task (see above) may be interpreted as evidence for independent (parallel) activation 
of locations in both types of coordinate system or activation at different levels of a 
hierarchically organised set of spatial representations (e.g. Behrmann et al, 2002; 
Blouin et al, 1993; Roland et al, 1980). Dissociations in turn, may indicate an 
attentional bias that is restricted to independent egocentric, allocentric and spatially 
invariant coordinate systems or a set of interrelated coordinate frames that are nested 
within a hierarchical structure (e.g. Abrams & Pratt, 2000; Baylis & Driver, 1993; 
1 FIT also allows top down selection of locations via non-spatial information. However, in the odginal 
fonnulation of the model, this can only occur for single features that occur in isolation rather than 
objects defined by a conjunction of features such as their colour and shape. 
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Becker & Egeth, 2000; Humphreys & Riddoch, 1995; Maljkovic & Nakayama, 1996; 
Posner & Cohen, 1984; Tipper et al, 1991). Whichever is the case, evidence for both 
concomitant effects and dissociations between different coordinate frames leads to a 
number of questions about the spatial basis of selective attention. 
If egocentric and allocentric coordinate frames derive from different neural processes 
(e.g. Paillard, 1991), does attention bias activation in both frames or is the coordinate 
frame in which selection occurs context specific (e.g Vecera & Farah, 1994)? If 
egocentric and allocentric coordinates are independent, are environment-based and 
object-centred coordinate frames also independent (e.g. Humphreys, 1998)? If spatial 
representation is instantiated through a hierarchy of nested coordinate frames (e.g. 
Becker & Egeth, 2000; Blouin et al, 1993), is selection in one coordinate frame 
contingent upon activation in other coordinate frames (e.g. Behrmann et al, 2002)? 
Alternatively is selection at one level independent of selection at other levels 
(e.g.Abrams & Pratt, 2000; Baylis & Driver, 1993) and if so, does the coordinate 
frame in which selection occurs depend upon the level of representation that attention 
is oriented to (e.g. Maljkovic & Nakayama, 1996)? 
1.5. Outline of the remaining chapters 
The remaining chapters of this thesis address some of the above questions. In 
particular, the thesis investigates the role of spatial information in guiding shifts of 
attention to locations or objects and the nature of representation involved. Chapter 2 
introduces the experimental paradigm adopted by the thesis, outlining its theoretical 
basis and describing the experimental procedure in detail. Chapter 3 investigates the 
nature of the spatial coordinate frame in which covert shifts of attention occur in 
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response to a peripheral ptime. The distinction between attention directed towards a 
location and that directed towards an object ptimed by non-spatial attributes and its 
implications for the coordinate frame in which selection occurs is investigated in 
Chapter 4. Chapter 5 compares the relative contribution of egocentdc and allocentric 
coordinate frames to ptiming for pelipheral and central cues and considers the role of 
stimulus attributes in determining the way attention is directed to locations or objects 
localised in egocentric and allocentric coordinates. Chapter 6 investigates the extent 
that location-based priming in egocentdc and allocentric coordinates is specific to the 
non-spatial attributes of the ptimed object and discusses the findings in terms of 
space-based, object-based and hybrid models of attention. Chapter 7 examines the 
distinction between within and between-object coding by manipulating the display to 
encourage grouping of the test stimuli. Chapter 8 investigates spatia-temporal 
constraints on object-based priming and discusses the findings in terms of attentional 
models that assume a qualitative distinction between selection in egocentric and 
object-centred, allocentric coordinates. Finally, Chapter 9 discusses the findings 
reported in each chapter, discussing their implications for space and object-based 
models of attention and the coordinate spatial frames within which selective visual 
attention operates. 
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General Method 
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2.1. General method: theory 
The purpose of the experiments described in this thesis is to investigate the extent that 
directing attention towards an object primed by spatial and non-spatial infonnation 
affects performance at the primed location, and to compare this effect across locations 
specified in two types of coordinate frame: egocentric and allocentric. To do this, 
each experitnent utilises a cotnmon experimental paradigtn that was developed to 
meet two specific theoretical demands. First, each participant was required to orient 
attention towards a location (or object) in the visual field so that localised facilitation 
could be measured and second, the paradigm had to disambiguate locations coded in 
egocentric and allocentric coordinate frames. To fulfil the first requirement, a 
priming paradigm (i.e. Eriksen & Hoffman, 1974; Posner, 1980) was adopted with the 
type of prime manipulated across different experiments (see further chapters for a full 
discussion). Primes were used to make the location or features of an object salient in 
order to initiate a shift of covert attention towards an object (or its location) in the 
visual field. The effects of attention upon response performance were then measured 
using a discritnination task that required a judgement about the shape of a 
forthcoming target presented among distractors in a multi-element display. Similar 
paradigms (sotnetitnes called prime-probe displays) have been interpreted as an index 
of spatial attention at the location of the primed (or selected) object/s (see Cave & 
Bischot 1999 for a review). Typically, such methods demonstrate an advantage for 
objects that share the location or the features of the cue suggesting that priming 
operates by initiating a selective bias that preferentially activates the perceptual 
attributes primed by the cue. 
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The choice of discrimination targets in the cutTent paradigtn presents a nutnber of 
potential probletns. While the target and distractors tnust be distinguishable in tetms 
of their discriminating features these differences tnust not enable the target to be 
discritninated from neighbouring distractors in the absence of spatial attention. If the 
distinguishing feature is highly salient for exatnple, its appearance in the display 
might capture attention regardless of where attention was oriented in response to the 
prime or cue (Yantis, 1998). This phenotnenon, known as pop-out, is a robust finding 
for targets differentiated by features such as their luminance, colour or orientation 
(see Wolfe, 1998 for a review). In order to control this potentially confounding 
effect, discrimination targets that have previously been shown to produce inefficient 
(serial) search functions were chosen for the current paradigm {Hutnphreys et al, 
1989). Inefficient search for targets that do not pop-out is thought to reflect a 
requirement that attention is focussed upon each item in the display individually 
before differences between the target and non-target distractor items can be 
discriminated (e.g. Humphreys et al, 1989). Indexed primarily by set size effects (e.g. 
Treisman, 1982) inefficient search is characterised by a linear relationship between 
search times and the number of items in the display where new items produce an 
incretnent in excess of 10 milliseconds and a 2: 1 ratio in response titne for target 
present versus target absent trials (e.g. Treisman & Gelade, 1980; Quinlan & 
Humphreys, 1987). Although the exact mechanisms underlying this empirical effect 
remain unresolved\ the use of 'T' shaped targets at various orientations among 
heterogeneously oriented 'T' shape distractors in the current thesis is designed to 
1 Although many models of attention attribute the efficient I inefficient search dichotomy to different 
scales of an attentional focus, the mechanisms underlying these and the factors affecting their 
application are often different (see Cave & Wolfe, 1990; Humphreys et al, 1989; Nakayama, 1990; 
Triesman & Gelade, 1980; Wolfe, 1994a). 
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preclude attentional affects that reflect the salience of the target rather than attentional 
activation associated with the cue. 
The cueing paradigm has provided a great deal of evidence that shifts of covert 
attention improve performance at the primed location. However, the nature of the 
spatial representation at which priming operates is often ambiguous (see Figure 2.1 ). 
D 
+ 
Figure 2.1. In a static display, facilitation associated with the cued box could be associated with a 
location defined by a retinal coordinate (e.g. a vector of amplitude (3 from fixation), in terms of its 
location in the scene (top right hand side) independently of the viewer's position or a combination of 
both. 
In static displays, locations viewed in a single fixation tnay be coded in a nutnber of 
separate coordinate frames: egocentric and allocentric. Facilitation m(:ly occur in an 
egocentric frame of reference where it is tied to a body-centred coordinate such as the 
centre of gaze or it may be associated with an allocentric environmental coordinate 
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that is independent of egocentric location. Alternatively, facilitation may be 
associated with the cued object in an object-centred representation that is independent 
of its location in either an egocentric or environtnent-centred coordinate fratne. 
Unless either the eyes or objects in the scene tnove, the relative contribution of each 
of these coordinate frames to localised facilitation is confounded at a single position 
in the display. 
Researchers investigating the relative contribution of priming in egocentric and 
allocentric coordinates have disambiguated the two in a number of ways. Cohen 
(1981) used a display with six boxes and asked participants to fixate the top middle 
box. On the receipt of a signal, participants were instructed to move their eyes 
downwards to the lower middle box. At the same time or prior to the downward 
saccade, one of the two peripheral boxes in the top row was primed using a luminance 
increase across its extent. The influence of priming at the egocentric and allocentric 
location of the cued event was tested by measuring facilitation at the peripheral box in 
the top or bottom row of the side that had been primed. Facilitation in the upper row, 
would have been indicative of scene-based attention that was tied to the 
environmental location primed (allocentric). Facilitation in the bottom row would 
have indicated priming associated with the cued retinal location as the centre of gaze 
moved frotn the top to the bottom row (egocentric). Cohen (1981) found reaction 
thne (R T) to targets presented in the lower row were faster than those in the top row 
and concluded facilitation was associated with the retinal rather than the 
environmental coordinate prhned. 
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Maljkovic and N akayatna (1996) used a dynatnic display rather than eye movement to 
investigate the relative contribution of priming in egocentric and allocentric 
coordinate frames. In their display, the spatial location of a target alongside two 
distractors could be spatially manipulated in two ways. First, the relative location of 
the target in the triad of objects could change, for example by tnoving it from the 
middle to the end of the row. Second, the egocentric location of the target could 
change. The triad could be centred at one of four points presented in a different 
quadrant so that its location relative to the patticipant' s centre of gaze changed. 
Maljkovic and Nakayama (1996) cotnpared RT for conditions where the target's 
location in the row changed (allocentric) with conditions where the target's location in 
the row and its location relative to the centre of gaze changed (egocentric). They 
found that most of the variance in RT was attributable to changes in the target's 
location in the row and concluded that facilitation was primarily associated with the 
allocentric coordinate primed. 
Like Maljkovic & Nakayatna (1996), the experimental paradigm developed in the 
current thesis uses a dynamic display to investigate the effects of priming in separate 
coordinate frames. It also adopts a display designed to control any perceptual or 
attentional affects that may be due to the distribution of elements in the display. 
Previous findings suggest that selection in multi eletnent displays is more efficient for 
targets presented to central regions of the display. Set size effects for example, 
increase as a function of the eccentricity at which itetns in the display are presented 
(Humphreys et al, 1989). Visual acuity is also known to decrease as a function of 
eccentricity (Anstis, 1974), with discrimination thresholds for equally sized targets 
falling along a continuum from central to peripheral regions of the retina. To negate 
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this confound, and any potential attentional bias that favours locations between the 
fixation point and the selected location I object in the display, targets and distractors 
were presented at points on the circumference of a virtual circle centred on the 
fixation point. The spatial relationship between elements in the display and the 
location of a pritne and target were then manipulated to create four different 
conditions designed to measure the relative contribution of priming in egocentric and 
allocentric coordinate frames for objects presented at a constant eccentricity. 
2.2. General method: experimental 
Apparatus. All experiments were tun using custom software on a Dell 210 
tnicrocomputer. Response latencies were recorded using a National Instruments DAQ 
PCI -1200 card and stimuli were presented on a Sony 17 inch super video graphics 
(SVGA) colour tnonitor with a refresh rate of 100 Hz. Subjects were tested in a dark 
rootn and wore neutral density filters to eliminate visual information from 
environmental sources. Viewing distance was held constant at 650 tntn using a chin 
rest fixed to a blackened bench. Responses were recorded using a two button box that 
was connected to the computer via the PCI card. To ensure any variation in response 
times was attributable to covert rather than overt (saccades) shifts of attention, eye 
movements were recorded throughout each experiment using a binocular 
electrooculograph (EOG). 
The EOG was calibrated for each patticipant using the display illustrated in Figure 
2.2. This consisted of a central fixation cross and 12 boxes, six centred on a 
horizontal and six on a vertical axis that intersected the centre of the screen. Boxes 
were drawn at three eccentricities: 2.2 degrees, 4.4 degrees and 6.6 degrees. During 
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calibration, a white fill (RGB: 255,255,255) was used to illutninate each object in the 
display in a sequence that switched between the fixation cross and boxes at increasing 
eccentricities along the two axes. The switch occurred at an interval of 500 
milliseconds and participants were required to tnake saccades to the object in the 
display that was illuminated whi_le the experhnenter tnonitored the resulting changes 
in the EOG output on a separate monitor. 
D 
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Figure 2.2. Illustration of the calibration display. The main picture shows the illumination of the 
central fixation. Participants followed the illuminated part of the display which switched from the 
fixation to boxes at increasing eccentricities (1,2 & 3) along each axis at an interval of 500 
milliseconds. The insert illustrates changes in the EOG output as the participant saccades between the 
fixation cross and boxes at eccentricities 1, 2 and 3. In the display, objects were drawn in white on a 
black background and each object was illuminated with a white fill. 
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Using this method, the experimenter was able to adjust the recording parameters for 
each participant so that saccades towards boxes at eccentricities of over 2 degrees 
could easily be discerned. Eye movements were then observed and counted 
throughout each experiment. If the number of eye movements exceeded 5% of the 
total number of trials in an experimental block then the participant was asked to repeat 
the block. If the number of eye movements in the repeated block also exceeded 5%, 
all data for that participant were removed from the analysis. 
Stimuli. Experimental trials consisted of the sequence of events illustrated in Figures 
2.3 and 2.42• Initially a triad of adjacent objects was presented at three adjacent of 
eight possible locations an-anged in a virtual circle around a central fixation cross. 
Frotn trial to trial, the triad's location was randotnly selected so that objects could 
appear at any three adjacent locations on the circle's circumference. Objects were 
presented on a black background and varied parametrically in tenns of their colour 
(see Table 1) or shape, depending upon the experitnent in question. After 1000 
milliseconds, one of the objects was primed using a peripheral or central cue. In all 
cases, peripheral cues consisted of a briefly presented (50 milliseconds) white circle 
centred in the middle of the object primed. Central cues were presented at the central 
fixation and shared either the same colour or the satne shape as the object in which the 
discritnination target would appear. Central cues were half the size of the primed 
object and were presented for a duration of 100 milliseconds. On each trial, the 
colour or shape of the cue and each object in the display was randomly assigned so 
that each successive trial had a different prime-target combination than that preceding 
2 This section is a general methods section applicable to all the experiments in the thesis. Different 
experiments involve different parameter manipulations that are detailed in the relevant chapters. 
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it. Following an inter-stimulus interval (lSI) that varied according to the type of 
prime used (see further chapters) a 'T' shape discrimination target was presented, one 
within the previously cued object (target) and one within each of the other two objects 
in the display (distractors, see Figures 2.3 & 2.4). 
Target= -1 or 1-
Fixation 1 
(1000 msec) 
+ 
Prime 
(50 msec) 
lSI 
(150 msec) 
Targets 
(200msec) 
Time 
Mask 
(500 msec) 
Figure 2.3. Illustrates the sequence of events in each trial. 
In this case the cue is invalid in either coordinate frame. 
The target 'T' was always oriented at ±90° from vertical whereas the 'T' s presented in 
the distractor objects were one upright (0°) and one inverted (180°). The orientation 
of the three 'Ts' was randomly selected on each trial so that each object contained a 
'T' of a different orientation. The participant's task was to report the orientation of 
the 'T' that was presented at ±90° from vertical by pressing one of two keys on a hand 
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held button box. After 200 milliseconds, a tnask that obscured all eight potential 
target locations was presented and remained on the screen until a response had been 
recorded, or after 500 milliseconds if no response was made. The mask consisted of 
an annulus, centred on the fixation point, and made up of randomly distributed red 
and green (or black and white, depending upon the experiment) pixels. 
Discrimination targets ('T') subtended 1.5 degrees of visual angle while each object 
in the triad subtended 1.76 degrees (Experiment 1). The triad of objects extended 9.2 
degrees and was presented at an eccentricity of 6.6 degrees from the central fixation 
cross. The mask subtended 8.18 degrees from fixation and occluded an area including 
all eight potential target locations. For experiments that manipulated colour or shape, 
the attributes assigned to each object in the display were randomly vatied for each 
trial within the experimental block. Colour coordinates measured using a Minolta 
Colorimeter for all stimuli are listed in CIE (1931) coordinates in Table 1 below. 
Table 1. 
Colour Luminance ( cd/m2) Chromaticity x Chromaticity y 
White 5.1 0.278 0.289 
Red 1.5 0.607 0.341 
Green 4.5 0.294 0.579 
Blue 0.9 0.144 0.060 
To manipulate the spatial relationship between the target and prime, four conditions 
were used to vary the validity of the cue in terms of the target's position in egocentric, 
allocentric or both coordinate frames (see Figure 2.4). The prime was valid in 
egocentric and allocentric coordinates (Fig 2.4a), valid in egocentric coordinates only 
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(Fig 2.4b), valid in allocentric coordinates only (Fig 2.4c) or not valid in either 
framework (Fig 2.4d). 
+ 
Prime 
Target 
(a) Valid-prime 
Target 
P + nme 
(c) Allocentric 
Target 
ｾ･＠
(b) Egocentric 
+ 
Prime 
Target 
(d) Non-valid 
Figure 2.4. Illustration of the four prime conditions: (a) Valid- the target and prime share the 
same egocentric and allocentric position. (b) Egocentric - prime and target are presented to 
the same position on the screen but a different relative location within the display. (c) 
Allocentric - prime and target are presented at different positions relative to body-centred 
coordinates but share the same relative location within the display, (d) Non-valid- prime and 
target share neither the same egocentric or allocentric coordinates. 
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Primes valid in both frameworks shared the same location as the target on the screen 
and within each triad of objects (see Figure 2.4a). Their location remained constant in 
body-centred coordinates as well as with respect to their location in the display 
( allocentric coordinates). On egocentlic ttials, the cued object remained at the same 
position relative to the body when the 'Ts' were presented (although other objects 
might move). Primes valid in egocentric coordinates shared the same location as the 
target on the screen but not within the triad of objects (e.g. prime in the middle but 
target on the outside of the triad - Figure 2.4b ). Primes valid in allocentric 
coordinates occupied the same relative location as the target within the triad of objects 
(left, middle or right) but a different ｬｯｾ｡ｴｩｯｮ＠ on the screen (Figure 2.4c). Finally, in 
the non-valid condition, primes and targets were presented to locations that were 
different in both coordinate frames (Figure 2.4d). 
In each experimental block, the order of presentation for the trials in each prime 
condition was randomly assigned, with each prime condition comprising 25% of the 
total number of trials. In the egocentric and allocenttic conditions, the tliad of objects 
was displaced one location between ptime and target presentation. In the non-valid 
condition, the ttiad stayed at the same location, or was displaced by one (or two in 
Experiment 1 only) locations between the prime and target presentation. On each 
ttial, the direction of displacement was randomly chosen. 
Procedure. Before testing, the EOG was calibrated for each participant. Practice 
trials were then completed using the experimental task until the respondent could 
tnake correct target discriminations on at least 70% of trials. Once this level of 
accuracy had been achieved participants started the experitnent. Eye movement 
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recording was continued throughout practice and experitnental trials and participants 
were insttucted to tnaintain fixation throughout each block and to respond as quickly 
and accurately as possible. The order of presentation for multiple experiments was 
counterbalanced for all participants. Feedback was provided at the end of the 
experiment and a group mean of individual tnedian reaction times (RT) and 
percentage error scores for each prime condition was entered into multivariate 
analyses of variance (MANOVA) for RT and percent correct scores. Responses of 
less than 1 00 milliseconds were considered anticipatory and were counted as 
incorrect. Responses over 1 000 milliseconds were also recorded as incorrect. 
Analysis. Because a significant amount of variation in both RT and percent correct 
scores was observed a tnultivariate analysis of variance (MANOV A) was adopted. 
This technique is most appropriate for testing cotnmon effects across multiple 
dependent variables (DV) that are moderately correlated and uses both RT and 
percent conect scores to calculate an aggregated DV based upon a linear combination 
of both. MANOV A has a nutnber of advantages over multiple ANOV As including 
protecting against likely type 1 errors by reducing the number of multiple 
comparisons among correlated DV s (Tabachnick & Fidell, 1996). In the cutTent 
thesis, it also allows any common effect to be assessed for two measures of 
performance or 'priming' where there was no a-priori reason to consider one measure 
a more valid index of selective attention than the other. Where the MANOV A tnasks 
differences in the separate univariate analysis for each measure of performance (RT 
and percent correct scores), these are reported and included in the discussion of the 
results. 
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When the MNOV A or ANOV A yields an interaction, post-hoc tests were carried out 
using a calculation appropriate for the number of dependent variables, their associated 
levels and the number of comparisons required. In the case of single comparisons, a 
two way MAN OVA was employed when the RT and percent con·ect scores are jointly 
considered while t-tests were used to test differences between means on each 1neasure 
independently. When tnultiple cotnparisons were required between single measures, 
Tuk:ey's Honest Significant Difference test is used to correct for family wise enor. 
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Chapter 3 
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3.1. Chapter Aims 
Coveli shifts of attention have been shown to improve detection and 
discrimination thresholds for a range of visual stimuli. Although there is some 
evidence to suggest that the allocation of attention to a particular region of 
interest occurs in a retinotopic fratne of reference (Cohen, 19 81) the 
importance of an allocentric, or object-based, framework has gained 
widespread etnpirical suppoli (e.g. Maljkovic and Nakayatna, 1996). The 
cunent chapter investigates the nature of the spatial representation in which 
covert shifts of attention occur in response to a peripheral prime. Primes and 
targets were presented in four conditions designed to vary systematically the 
validity of the spatial relationship between the pritne and target in egocentric 
or allocentric coordinate frameworks. A significant advantage, in tenns of 
reaction time and correct identification, was found for targets located in 
positions previously primed in an egocentric (but not allocentric) framework. 
No advantage for locations primed in an allocentric (but not egocentric) 
framework was found. These results suggest that the allocation of covert 
spatial attention within an egocentric fi:amework may be more important than 
previously thought. 
3.2. Introduction 
Visual attention can be manifested ovelily by eye and head movetnents 
designed to bring selected objects into the centre of gaze. In the absence of 
eye or head movements, so called 'covert' shifts of attention have also been 
shown to improve performance on a range of visual tasks. (Posner, 1980; 
Muller and Rabbitt, 1989). Unlike saccades, the covert allocation of attention 
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to locations or objects is not directly observable and the nature of spatial 
representation underlying their allocation has yet to be fully determined. At 
least two classes of spatial representation are possible. Covert attention may 
be allocated to locations specified in an egocentric coordinate system where a 
point in the world corresponding to a particular body-centred referent is 
selected, for example, relative to the viewer's centre of gaze (retinotopic ), the 
midline of their head or body, or with respect to a limb such as the atm during 
reaching movements (Behrmann, 1999). Alternatively, covert attention may 
be allocated towards locations specified in an allocentric or scene-based 
coordinate system where objects (or their locations) are selected independently 
of their egocentric position (see Vecera & Farah, 1994; Behrmann, 1999; 
Robertson, 1999). In this case, locations are represented with reference to an 
environmental origin that is external to the viewer. 
Evidence that the brain uses both types of coordinate system comes from 
patients who demonstrate specific spatial impaitments following damage to 
their parietal lobe. Neglect for example, manifests as an inability to attend to 
objects presented contralaterally to the causal lesion and is most often 
associated with right hemisphere drunage. Neglect has been found to occur for 
objects presented to the left of a body-centred referent such as the centre of 
gaze or to the left of an environmental referent, such as the midline of the 
visual scene. In the latter, neglect remains tied to an environmental location 
despite changes in the viewer's position while in the fonner, neglect moves as 
the patient changes their position with respect to the scene in question 
(Behtmann, 1999; Robet1son, 1999). Additional evidence for a dissociation 
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between these two types of coordinate fratne has come from research 
investigating inhibition of retutn (lOR). Abratns and Pratt (2000), for 
example, found that eye movements were inhibited in a retinotopic framework 
whereas inhibition for targets requiring a manual response (in the absence of 
eye movements) occurred in an allocentric fratnework. 
The distinction between locations encoded in egocentric and allocentric coding 
seems consistent with differences in the spatial extent of receptive fields 
within the visual pathway. In the striate cortex cells have stnall receptive 
fields strictly organised into a retinotopic map. The correspondence between 
an object's location on the retina and its position in the world is, therefore, 
preserved by the cortical topography of early visual areas. In contrast, inferior 
temporal neurons have larger receptive fields that code object properties 
relatively independently of where they fall within wide regions of the retina 
(Tootell et al, 1982; Desimone & Ungerleider, 1989; Olson & Gettner, 1995). 
Information about the egocentric location of a visual object, therefore, may not 
be available to selective tnechanisms that operate in higher order areas of the 
visual-processing stream where retinotopy is less precise. The implications of 
this distinction between high and low level selection for the coordinate system 
underlying the covert allocation of attention are the subject of the current 
thesis. 
Previous investigations into the coordinate frame underlying shifts of attention 
have found evidence of facilitation for targets primed in both egocentric and 
allocentric coordinates. Cohen (1981) for example, found that facilitation 
46 
associated with a transient cue moved with the eyes (e.g. it was specific to a 
particular place on the retina) rather than being associated with a particular 
location in the scene. This suggests strongly that attention can be allocated in 
a retinotopic (e.g. egocentric) framework. Physiological evidence (see Posner 
& Gilbert, 1999 for a recent review) for attention-related modulation in the 
primary visual cortex also points to selection occtu1·ing in cortical areas where 
locations are encoded within a retinotopic map of the visual field. In a recent 
comparison of the influence of egocentric and allocentric priming however, 
Maljkovic and Nakayama (1996) concluded that facilitation occurs primarily 
in an object-centred or allocentric frame of reference. They used a repetition-
priming paradigm to cue the location of a target in two conditions in which 
either the allocentric locations of the cued and target objects were preserved 
across trials (although their egocentric positions changed) or where both the 
allocentric and egocentric locations of the cued and target objects remained the 
satne. Finding only a small advantage for primes valid in both coordinate 
fratnes compared to those valid only in allocentric coordinates, Maljkovic and 
Nakayama (1996) concluded that priming had occuned in a coordinate frame 
that was independent of the target's egocentric location. 
This idea has widespread empirical support and is commonplace in the 
literature (e.g. Abrams & Law, 2000; Cooper & Hutnphreys, 2000; Duncan, 
1984; Roelfsema et al, 1998; Vecera & Farah, 1994). However, Maljkovic 
and Nakayama {1996) did not examine the condition where the egocentric 
position of the prime and target was preserved while their locations differed in 
an allocentric fratnework. It is important to exatnine this condition explicitly 
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because the effect of egocentric pritning cannot be detennined, as they did, 
sitnply by subtracting the effect of allocentric priming from the effect when 
both are present, as each may interact in a non-linear fashion (e.g. Vecera and 
Farah 1994). The absence of this experimental condition, therefore, may have 
led Maljkovic and Nakayama (1996) to underestimate the itnportance of 
egocentric priming for tasks involving selective attention. 
3.3. Purpose of the current experiment 
The current experiment investigates the relative contribution of egocentric and 
allocentric coordinate frames to facilitation in response to peripheral primes by 
extending Maljkovic and Nakayama's (1996) design to include four 
prime/target conditions. In these, the spatial relationship between the prime 
and target was varied so that it was valid in both egocentric and allocentric 
frameworks, valid in an egocentric or an allocentric framework only, or valid 
in neither coordinate systetn. This design was developed to determine the 
extent that performance is affected when the spatial location of a target is 
primed independently in egocentric or allocentric coordinates or when priming 
is valid in both coordinate frames simultaneously. 
3.4. Method 
Participants. Nine participants took part in the experitnent, each with normal 
or corrected to notmal vision. 
Apparatus The apparatus for Experiment 1 is detailed in Chapter 2. 
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Stimuli. Experimental trials consisted of the sequence of events illustrated in 
Figure 3 .1. As a further precaution to prevent saccades towards potential 
targets in the initial fixation, a triad (e.g. a group of three locations) was 
presented symmetrically on either side of a central fixation cross. After 1000 
milliseconds, a location in one of the triads was cued by a luminance increase 
consisting of a white circle that filled the primed object. Following an inter-
stimulus interval of 150 milliseconds a single target and two distractors were 
presented, one to the previously cued object and one to each uncued object 
(see Figure 3.1). Each object in the triad was drawn in white and subtended a 
visual angle of 1.76 degrees of visual angle. Target and distractor 'T 's were 
drawn in red and presented on a circular background of randomly generated 
red and green pixels. 
Target = -1 or 1-
Fixation 1 
(1000 msec) 
+ 
Prime 
(50 msec) 
lSI 
(150 msec) 
00 
Targets 
(200msec) 
Time 
Mask 
(500 msec) 
Figure 3.1. Illustration of the sequence of events for each experimental trial. 
49 
+ 
Prime 
Target 
(a) Valid-prime 
+ 
Prime 
(c) Allocentric 
Target 
+ 
Prime 
Target 
(b) Egocentric 
+ 
Prime 
Target 
(d) Non-valid 
Figure 3.2. Illustration of the four prime conditions: (a) Valid -the target and prime 
share the same egocentric and allocentric position. (b) Egocentric - prime and target 
are presented to the same position on the screen but a different relative location 
within the display. (c) Allocentric - prime and target are presented at different 
positions relative to body-centred coordinates but share the same relative location 
within the display and (d), Non-valid - prime and target share neither the same 
egocentric or allocentric coordinates. 
The spatial relationship between the prime and target in terms of their 
egocentric and allocentric locations was varied across four conditions as 
shown in Figure 3.2 and described in Chapter 2. Each experimental block 
contained 336 trials with the four prime conditions randomly interleaved. 
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Procedure. The experimental procedure follows that described in Chapter 2. 
3.5. Results 
Reaction time (R T) data for each experimental condition are represented in 
Figure 3.3a. Figure 3.3b plots mean percent correct scores by each prime 
condition. 
Mean RT by Prime Condition 
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Figure 3.3(a) Mean RT is plotted for each of the prime conditions. Error bars indicate 1 
standard error 
A two way MANOV A with egocentric (absent I present) and allocentric 
(absent I present) as within subjects factors yielded a statistically significant 
effect of egocentric priming (F2,7=17.637, p = 0.002), no effect of allocentric 
priming (F2,7=2.462, p > 0.05) and no interaction between egocentric and 
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allocentric priming (F2,7= 1.063, p > 0.05). Average RT to valid-egocentric 
primes was 56.2 milliseconds faster than those to valid-allocentric primes. 
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Figure 3.3(b) Mean percent correct scores are plotted for each of the prime conditions. Error 
bars indicate 1 standard error 
Responses in the egocentric condition were also more accurate than in the 
allocentric condition. Post hoc tests showed there was no reliable difference in 
priming between the valid and egocentric conditions (F2,7=4.006, p > 0.025). 
Thus priming in the valid condition produced facilitation that was equivalent 
to that in the egocentric condition. The difference between priming in the 
non-valid and allocentric conditions also failed to reach statistical significance 
(F2,7=0.765, p > 0.025). Priming the allocentric coordinate of a forthcoming 
target, therefore, produced no more facilitation than non-valid primes. The 
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patte1n of data indicates localised facilitation (indexed by lower RT and less 
errors) that is associated with the egocentric location of the primed object 
rather than its allocentric coordinate. Comparisons across the two 
perfonnance measures also discount any speed accuracy trade off in the data 
with priming ｾｮ＠ the valid and egocentt.ic conditions characterised by faster and 
more accurate responses than those in the allocentt.ic and non-valid conditions. 
The lack of any significant effect for the targets validly cued in allocentric 
coordinates relative to the non-valid condition fails to support Maljkovic and 
Nakayama's (1996) conclusion that priming occurs primarily in an allocentric 
coordinate frame. To explore this further I compared performance for non-
valid primes where the pritne and target location were one element distant in 
egocentric coordinates with primes that were valid in allocentric coordinates, 
which also had a distance of one element in egocentric coordinates between 
the location of the prime and target. No significant differences were found for 
RT (t[8] = 0.85, p > 0.05) or percent correct scores (t[8] = 0.39, p > 0.05) 
which further suggests there was no independent effect of priming in an 
allocentric coordinate. 
If the egocentric effect observed in the current experiment reflects egocentric 
priming then the effect of a prime should be localised or 'spatially tuned' 
around a particular body-centred coordinate. Pritning in an allocentric -
framework should not exhibit any spatial tuning based on body-centred 
coordinates but should be invariant with respect to its egocentric location. 
Figures 3 .4a and 3 .4b plot perfonnance as a function of the distance between 
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prime and target (abscissa). Any effect of allocentric priming that is 
independent of the egocentric location should be observable as a change in 
performance over that expected as a function of the distance between the target 
and the egocentric location primed. 
Mean RT by Cue and Target Location 
650 .-----------------------------------------. 
0 600 
Q) 
(/) j 
.s 
..... 
a: 
c 
ca 
Q) 
ｾ＠
550 
ＵＰＰ ｾＭＭＭＭｾｾＭＭＭＭＭＭｾｾＭＭＭＭｾｾＭＭＭＭｾＭｌＭＭＭＭｾ＠
Prime - 2 Prime - 1 Prime Prime + 1 Prime + 2 
Target Position 
Figure 3.4(a) Mean RT is plotted as a function of spatial separation between prime and target 
stimuli. Target positions along the abscissa are shown as one or two elements away from the 
egocentric location of the cue. Targets presented to the left of the cue are shown as negative 
and targets presented to the right are shown as positive. Error bars indicate 1 standard error. 
It can be seen that RT is fastest and the error rate is lowest when the prime and 
target share the same position on the screen and that RT increases (3.4a) and 
accuracy decreases (3 .4b) as the distance between this position and the 
position of the target is increased. This pattern reflects that predicted by 
spatial tuning and attentional allocation in egocentric coordinates rather than 
any allocentric contribution. The difference between the patterns revealed by 
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the RT and accuracy data suggest that the monotonic decrease in R T reflects 
the movement of attention from the primed location rather than any limitation 
in the resolution of targets separated by one or two elements in the display. 
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Figure 3.4b) Mean percent correct is plotted as a function of spatial separation between prime 
and target stimuli. Target positions along the abscissa are shown as one or two elements away 
from the egocentric location of the cue. Targets presented to the left of the cue are shown as 
negative and targets presented to the right are shown as positive. Error bars indicate 1 
standard error 
3.6. Discussion 
In order to allocate attention selectively, the visual system must be able to 
select a particular location, feature or object from others in the visual 
environment. The current experiment set out to explore the nature of the 
spatial representation underlying covert shifts of attention by explicitly 
comparing the effectiveness of priming in both egocentric and allocentric 
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coordinates. Responses for targets presented to the cued egocentric location 
were found to be reliably faster and tnore accurate than those to other 
locations. No reliable independent effect, however, was found for primes 
validly predicting the allocentric coordinate of a forthcoming target. This 
provides strong evidence that reflexive shifts of covert attention towards 
locations cued by a visual transient are localised in egocentric coordinates 
rather than in allocentric coordinates where the relative locations of objects are 
coded independently of their egocentric location. 
Although the current experiment cannot distinguish between facilitation 
centred on the eye, head or trunk, the data is consistent with Cohen's (1981) 
claim that the initial facilitation associated with a peripheral prime is mapped 
in retinotopic coordinates. It is also consistent with neurophysiological 
evidence for attention modulated activity in early visual areas where the 
topography of the retina is preserved. Brefczynski and DeYoe (1999) for 
exatnple, observed enhanced cot1ical responses to precued segtnents within a 
spatial array that matched the cortical representation of the attended objects 
when they were presented in isolation. Gandhi et al, (1999) have also found 
enhanced activation in the primary visual cortex as well as behaviourally 
measured facilitation in response to stimuli validly precued with a visual 
transient. Likewise, cue dependent spatial effects have been observed in 
striate and extrastriate areas by Tootell et al (1998). Taken together, these 
findings suggest that information about the retinotopic location of objects is 
available to attentional mechanisms that are able to influence cortical 
responses at the earliest stages of the visual-processing stream rather than 
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being constrained to higher areas where the topography of the retina is no 
longer preserved. 
The absence of any significant allocentric priming in the cun·ent experitnent 
was surprising in the light of Maljkovic and N akayatna' s ( 1996) conclusion 
that facilitation occurs primarily in allocentric coordinates. However their 
experitnental paradigm differed from the cuiTent one in a number of important 
respects. A major difference relates to way attention was oriented in response 
to the cue. I used a peripheral cue, which is thought to lead to the exogenous 
orientation of attention to locations in the visual field. In contrast, Maljkovic 
and Nakayama used a feature singleton to prime the locations of targets. 
Unlike visual transients, orienting attention towards a visual singleton is 
thought to involve an endogenous component (Yantis, 1998). To accomplish 
this a featural description of both the target and dis tractors is necessary, which 
may result in attention being allocated to targets represented in a format where 
their identities (features) and the spatial relations between them are made 
explicit. The latter infonnation might, therefore, be available to infonn object-
based recognition and spatial coding in a coordinate fratne that codes global 
position independently of each object's egocentric location. 
A further itnportant difference is that Maljkovic and Nakayama (1996) did not 
include the range of experimental conditions included here and so they could 
not assess the effects of pritning in egocentric and allocentric space 
independently. Their conclusion that priming in egocentric coordinates was 
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relatively unimportant was based on the fact that only a stnall difference was 
found for targets validly cued in both coordinate frames compared to those 
cued in allocentric coordinates only. In contrast, the current experimental 
design allowed me to determine the effect of valid egocentric primes directly 
by comparing performance in this condition with performance in the condition 
where the prime was valid in both or neither coordinate frames. In the current 
experiment, the independent contribution of egocentric priming was seen to 
affect performance to virtually the same extent as primes that were valid. in 
both coordinate frames, while allocentric priming failed to affect performance 
significantly more than primes in the non-valid condition. 
A further implication of the range of experimental conditions in Maljkovic and 
Nakayatna's (1996) experiment is that attention was always allocated to a 
prime that was valid in (at least) an allocentric frame of reference. This 
property of their procedure may have biased participants into relying on such a 
frame because it was the optimal strategy for cotnpleting the task efficiently. 
In contrast, the predictive validity of the prime in the present experiment did 
not favour an allocentric or an egocentric fratne of reference as the different 
conditions were randomly interleaved. This of course, may have led to a 
different bias where the lack of predictive validity resulted in the selection of 
locations based on an (arguably computationally less demanding) egocentric 
coordinate system. However, without such post-hoc reasoning, randotnly 
interleaving the experimental conditions seetns the best experitnental design. 
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3.7. Conclusion 
In conclusion, previous evidence suggests that cove11 shifts of attention can 
occur in at least two frames of reference: egocentric and allocentric. The 
current finding that covert attention facilitates target processing at locations 
encoded in egocentric rather than allocentric coordinates is consistent with 
Cohen's (1981) asse11ion that selection is associated with a retinal position for 
reflexive shifts of attention and provides evidence that attention is able to 
tnodulate processing at early levels within the visual processing stream. 
Evidence for allocentric facilitation in response to endogenous shifts of covert 
attention (Maljkovic and Nakayama, 1996) also suggests a possible distinction 
in the nature of spatial representation underlying the top-down and bottotn-up 
mediated selection of visual objects or locations. A second possibility is that 
attention is able to operate in different coordinate frames depending on the 
nature of the behavioural task. Such task-dependent processing is now a well-
established feature of visual processing (e.g. Glennerster et a!, 1996; 
Bradshaw et al, 2000) and has found some support in the lOR literature (e.g. 
Abrams & Pratt, 2000; Tipper et al, 1992). The extent to which facilitation 
might also occur in multiple coordinate frames and the factors influencing the 
particular coordinate system in which selection operates are questions 
investigated in the remaining chapters of this thesis.· 
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Chapter 4 
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4.1. Chapter aims 
The locations of visual objects and events in the world are represented in a 
number of different coordinate frameworks. For exatnple, visual transients are 
known to attract (exogenous) attention and facilitate performance in an 
egocentric framework. However, when attention is allocated voluntarily to a 
particular visual feature (i.e. endogenous attention) that feature's location 
appears to be variously encoded either within an allocentric framework 
(Maljkovic & Nakayama, 1996) or in a spatially invatiant manner (V ecera & 
Farah, 1994). In two experiments I investigate the importance of location for 
the allocation of endogenous attention and the nature of spatial representation 
involved. Primes and targets were presented in four conditions designed to 
vary systematically their spatial relationships in egocenttic and allocentric 
coordinates. A reliable effect of egocentric priming was found in both 
experitnents, which suggests that endogenous shifts of attention towards 
targets defined by a particular feature operate in an egocentric coordinates. 
Independent allocentric priming was also found for targets pritned by their 
colour and shape. This suggests that attending to targets primed by their non-
spatial features results in facilitation that is localised in more than one 
coordinate fi·ame of spatial reference. 
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4.2. Introduction 
4.2.1. Exogenous and endogenous shifts of covert attention 
Selective visual attention can be allocated to a target or location in two distinct 
ways. Exogenous, or reflexive, shifts in attention occur in response to an 
extetnal sthnulus, such as a visual transient, which 'captures' attention in an 
involuntary manner. Previous work has shown that exogenous shifts are 1nade 
to locations coded in egocentric coordinates (i.e. relative to a body-centred 
referent such as centre of gaze: see Cohen, 1981; Posner & Cohen, 1994; & 
chapter 3). In contrast, endogenous shifts of attention occur in a voluntary, 
goal-directed manner and are used for seeking or selecting behaviourally 
relevant targets which can be defmed by a nwnber of features other than their 
spatial location (e.g. Muller & Rabbitt, 1989). Attributes such as colour and 
shape for example, can be used to differentiate and select targets from other 
objects in the visual field (Yantis, 1998). The purpose of the current paper is 
to investigate the role of location in orienting endogenous shifts of attention 
towards targets primed by non-spatial features and to detetmine the nature of 
the spatial coordinate framework (i.e. egocentric or allocentric) underlying its 
operation. 
4.2.2. Egocentric or allocentric coordinate frames: conflicting 
evidence. 
In a recent investigation of the spatial coordinate fi·atnework underlying the 
allocation of attention, Maljkovic and Nakayatna (1996) contrasted egocentric 
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and allocentric frames of reference by priming the future location of a target in 
either an allocentric or an allocentric and egocentric framework. Only a small 
advantage was found for targets primed in both frameworks cmnpared to those 
prhned in the 'allocentric-only' condition, which led Maljkovic and Nakayatna 
to suggest that position priming must occur prhnarily in an allocentric 
framework. Chapter 3 reports evidence that is inconsistent with this 
conclusion. By manipulating the spatial relationship between the cued and 
target objects in both egocentric and allocentric (or both) coordinates, I found 
spatial priming in egocentric rather allocentric coordinates (see also Cohen, 
1981 ). The apparent discrepancy between this result and that of Maljkovic 
and Nakayama (1996) may reside in the differences in the type of prime 
etnployed. Chapter 3, used a brief change in luminance to initiate shifts of 
(exogenous) attention whereas Maljkovic and Nakayatna (1996) used a 
particular feature of the target (colour) to guide the allocation of attention. 
Unlike luminance transients, featural primes have been shown to 'capture' 
attention only when they are relevant to the task in question (Jonides and 
Yantis, 1988; Hillstrom & Yantis, 1994). This suggests that the allocation of 
attention in Maljkovic and Nakayatna's (1996) task may have incorporated an 
endogenous component that was absent in the experimental paradigm used in 
Chapter 3. 
Vecera and Farah (1994) have also made a distinction between the type of 
spatial representation underlying exogenous and endogenous shifts of 
63 
--------------------------------··- ... . 
attention. They found that endogenous shifts of attention (i.e. where the 
subject had to search the visual scene in order to judge the geometric properties 
of a pre-specified target) produced object-based priming effects that were 
independent of spatial location. In contrast, exogenous shifts (i.e. where 
targets were prilned using a rapid change in lmninance in a task that didn't 
require judgements of the target's geometric properties) produced priming 
effects that were location-based. On the basis of this result, Vecera and Farah 
(1994) suggested that attention could operate at two different levels: either 
upon low-level, location-based representations or upon spatially invariant, 
object-based representations. In their view, attention could either be directed 
towards an object (in the absence of a spatial cue) or a location (in the absence 
of any featural description) with the level of spatial representation determined 
by the nature of the task and the way that attention was allocated towards the 
target in question. 
An alternative account of the role of spatial infotmation in the allocation of 
attention is evident in Desimone and Duncan's (1995) Integrated Competition 
Hypothesis. This model does not distinguish between the types of spatial 
framework involved in attending objects or locations, but forwards the view 
that a single, cotnprehensive description of the scene is constlucted through the 
integration of perceptual infotmation from a variety of sources (see also 
Kahneman & Treisman, 1984; Kahnetnan et al, 1992). Therefore, the nature of 
the spatial representation underlying shifts of attention is not detetmined by 
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what is primed (e.g. feature vs. location). The effects of attention should be 
evident shnultaneously at tnultiple levels of processing via the integration of 
cotnpetitive neural processes. Accordingly, attention allocated in response to 
an exogenous or endogenous event should involve infonnation about the target 
encoded in a number of spatial coordinate frames (i.e. egocentric and 
allocentric) rather than being constrained to any single level of representation. 
That is, directing attention towards a target primed by any non-spatial feature, 
such as colour or shape, should also involve infonnation about the target's 
location. 
4.3. Purpose of the current study 
In light of these theoretical and empirical inconsistencies, the purpose of the 
current study is to determine the nature of the spatial coordinate framework or 
frameworks involved in the allocation of endogenous attention. In two 
experiments, a prime was used to indicate the colour or shape of the object in 
which a target stimulus would subsequently appear. Four prime conditions 
were used to vaty systematically the spatial relationship of the prime and the 
target so that they tnoved or remained the same in an egocentric and/or 
allocentric coordinate fi·ame. 
4.4. Method 
Participants. Twenty-four undergraduates from the University of Sun-ey 
participated (12 in experiment 2 and 12 in experiment 3). All had normal or 
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corrected to normal vision and received a course credit for taking part in the 
study. 
Apparatus. The apparatus is detailed in Chapter 2. 
Fixation 1 
(lOOOmsec) 
Prime 
(lOOmsec) 
lSI 
(300msec) 
Targets 
(200msec) 
Time 
Mask 
(500msec) 
Figure 4.1. Illustration of the sequence of events during an experimental trial in Experiment 
3. In Experiment 2, the triad of objects were all circular with each coloured differently, one 
red, one green and one blue. 
Stimuli. Experimental trials consisted of the sequence of events described in 
the General Methods section with minor modifications. In Experiment 2, each 
object in the triad was a circle and had a unique colour. One was red, one green 
and one blue. In Experiment 3, objects were drawn in white and each had a 
unique shape. One was a square, one a circle and the last a cross (see Figure 1). 
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Unlike the peripheral pritne used in Chapter 3, central primes were used in the 
current experitnents. In Experitnent 2, this cued the colour of the object where 
the discrimination target would appear and in Experiment 3, the shape. The 
colour and shape of the primed object and distractors was randomly varied on 
each trial. Central primes were presented at the fixation point and subtended a 
visual angle of 1.23 degrees. In Experiment 2, each coloured object had a 
diameter of 1.76 degrees. The triad of objects subtended 9.2 degrees at an 
eccentticity of 6.6 degrees from fixation. In Experitnent 3, objects presented at 
the same eccentricity each subtended 2.64 degrees of visual angle. 
In order to maximise localised facilitation in response to endogenous cues, the 
temporal parameters of the current experiments were adjusted. Previous 
research has shown that centt·al cues require a cue-target onset asynchrony 
(CTOA) of at least 300 tnilliseconds to be maximally effective (Muller & 
Rabbitt, 1989; Wtight & Ward, 1998). Experitnents 2 and 3 therefore, 
presented the pritne for 100 milliseconds and used an inter-stimulus interval 
(lSI) of 300 tnilliseconds, producing a CTOA of 400 milliseconds (see Figure 
4.1.). 
To manipulate the spatial relationship between the prime and the target, four 
prime conditions were used (see Chapter 2). Unlike the previous chapter, non-
valid ttials all presented the target in an object that had tnoved one place fi·om 
where it was cued in egocenttic coordinates. Similarly, targets in the allocenttic 
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condition were presented in an object that had moved one place in egocentric 
coordinates from the location that it was primed. The two conditions differed 
only in the validity of the cued object in allocentric coordinates and the 
preservation of the global configuration of the triad in the allocentric condition. 
Target 
®e 
EJ 
oDo Target 
0 
Prime Prime 
(a) Valid (b) Egocentric 
I• ®e 
i' [!] 
o 0 o Target Target o 0 o 
0 0 
Prime 
" 
Prime 
(c) Allocentric (d) Non-valid 
Figure 4.2. Illustrates the four prime conditions in Experiments 2 and 3 (Experiment 2 used 
different coloured circles rather than the shapes illustrated). In each case the spatial 
relationship between the location of the object when primed, and when the targets 
subsequently appear within it varies according to whether the relationship remains: (a) 
constant in both egocentric and allocentric coordinates (b), constant in egocentric coordinates 
(c), constant in allocentric coordinates or (d), constant in neither coordinate frame of reference. 
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Since localised priming that reflected spatial tuning around the primed 
egocentric referent was established in the previous experitnent (see Figures 3.4a 
and 3 .4b ), the current manipulation was designed to increase the nwnber of 
trials in the non-valid condition in which the displacetnent of the triad between 
prime and target presentations was equivalent to that in the allocentric 
condition. 
Procedure. The procedure was identical to that described in the General 
Methods section. 
4.5. Results: 
4.5.1. Experiment 2 
RT data for targets in each prime condition for colour-defined objects are 
shown in Figure 4.3a and percent correct scores for each prime condition in 
Figm·e 4.3b. 
A two way MANOV A testing the presence/absence of egocenttic and 
allocentric priming revealed significant effects of both egocentric (F2,10=74.257, 
p < 0.001) and allocentric (F2,10=6.134, p = 0.018) priming. No significant 
interaction between pritning in the two coordinate frames was found 
(F2,10=1.691, p > 0.05) which suggests that facilitation in both frameworks is 
independent. 
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Figure 4.3(a) Mean RT (b) Mean percent correct is plotted by prime condition for Experiment 
2. The location of primed object remained constant either in egocentric and allocentric 
coordinates, egocentric or allocentric coordinates only or was invalid in either frame of 
reference. Error bars indicate 1 standard error. 
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A comparison of priming in the egocentric and allocentric conditions (where 
the prime was valid in a single coordinate frame only) detnonstrated a reliable 
advantage in performance for targets presented at the cued egocentric 
coordinate (F2,10=20.313, p < 0.001). This was attributable to a reduction in 
RT cotnpared to non-valid condition of 60.5 msec in the egocentric condition 
compared to a reduction of only 29.1 msec in the allocentric valid condition (t11 
= 6.288, p < 0.001). For percent conect scores, the difference between the 
egocentric and allocentric conditions was negligible (0.9 %) and did not reach 
statistical significance (t11 = 0.482, p > 0.05). 
4.5.2. Experiment 3 
Figure 4.4a shows the mean RT and 4.4b the mean percent correct scores for 
each prime condition in response to shape-defined objects. A 2 way 
MANOVA revealed significant tnain effects of egocentric (F2,10=28.010, p < 
0.001) and allocentric (F2,10=4.906, p = 0.033) priming. As with the data for 
colour primed targets, the interaction between priming in egocentric and 
allocentric coordinates did not reach statistical significance (F2,10=0.886, p > 
0.05). Post hoc tests to compare the magnitude of priming in both coordinate 
fratnes independently revealed a significant advantage for targets primed in 
egocentric coordinates (F2,10=14.206, p = 0.001). This reflected reliably lower 
RT (t9 = 6.009, p < 0.001) and higher accm·acy scores (t9 = ＵＮＲＴｾＬ＠ p = 0.001) 
to targets at the primed egocentric compared to the primed allocentric location. 
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Figure 4.4 (a) Mean RT and (b) mean percent correct is plotted as a function of prime 
condition for Experiment 3_ The location of primed object remained constant either in 
egocentric and allocentric coordinates, valid in egocentric or allocentric coordinates only or 
was invalid in either frame of reference. Error bars indicate 1 standard error_ 
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4.6. Discussion 
The current study was designed to investigate the extent to which endogenous 
shifts of attention towards targets pritned by their colour or shape result in 
facilitation that is sensitive to location and to detetmine the coordinate frmne in 
which localisation occurs. The reliable effect of egocenttic priming provides 
clear evidence that shifts of attention towards an object primed by non-spatial 
attributes produces facilitation at the egocentric location occupied by the 
primed object. Responses to targets in objects primed by their colour and 
shape were fastest and most accurate when the object remained at the same 
egocentric location that it was primed. As with exogenous priming (see 
Chapter 3), endogenous priming results in facilitation associated with the 
egocentric coordinate of the cued object. The fact that allocentric priming 
produced a reliable decrease in RTs and an increase in accuracy also suggests 
that priming can take place concurrently in tnore than one coordinate frame 
(see Tipper et al, 1998; 1999 for similar findings for lOR). This suppo11s Tsal 
and Lamy's (2000) claim that attending to an object entails attending to its 
location, and specifies at least two coordinate frames in which the location of 
selected objects may be encoded. It also contrasts with the selection of 
locations in response to exogenous cues, which appears to occur in an 
egocenttic framework only (Cohen, 1981; Chapter 3) and is, therefore, 
inconsistent with Maljkovic and Nakayama's (1996) assertion that object-
based pliming is constrained to an allocentric coordinate system. Instead the 
data suggests their results may have reflected either insensitivity in measudng 
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the contribution of egocentric priming or a bias towards allocentric coding that 
was inherent in their experimental design 
The fact that priming for features showed effects of location in both coordinate 
fratnes is also inconsistent with Vecera and Farah's (1994) claim that directing 
attention towards an object's shape always entails the selection of a target 
representation that is spatially invariant. In the current study, this type of 
pdming would have resulted in the absence of priming effects across different 
pdme conditions in Expetiment 3, as featw·e detectors responded to the shape 
of the cued object independently of its location. Instead, object selection on 
the basis of non-spatial features throughout the visual field seems to entail 
information about location that produces costs when a selected object moves 
from the position to which attention was otiginally oriented. 
Although expetiments designed to establish the coordinate frame in which 
facilitation occurs have typically favoured a single coordinate system (i.e. 
Cohen, 1981; Maljkovic & Nakayama, 1996, Chapter 3) an increasing body of 
evidence suggests that attention may be able to operate across multiple spatial 
and non-spatial domains. It has been suggested, for example, that the brain 
transfonns spatial information into various coordinate systems to support 
perception and action (Anderson, 1997; Colby & Goldberg, 1999). Inhibition 
of return (lOR), thought to be an attentional phenomenon, has also been found 
in multiple coordinate frames (see Tipper & Weaver, 1998 for a review). In 
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the pritning literature, Deubel et al (1998) used an elegant experimental design 
to provide evidence for a coupling of location and feature-based information in 
a task involving both perceptual and manual responses to a pritned object. 
Rather than the level of representation being constrained by the locus of 
prhning (e.g. an object or location), these findings suggest that attention 
operates at a level where spatial and non-spatial target information is conjoined 
via the cooperative interaction of neural sites responsible for processing 
different stitnulus dimensions individually (Frith, 2001). Physiological 
evidence favouring such an interaction has been found in both ventral 
(Boussaoud et al, 1991) and dorsal areas (Sakata & Kusunoki, 1992) and 
provides a possible neural mechanism for the pooling of spatial and non-spatial 
information within each visual pathway. The responses of some inferior 
temporal (IT) neurons for example, are sensitive to both an object's features 
and its location on the retina, with large receptive fields demonstrating spatial 
preferences across their extent. Positional infonnation is, therefore, available 
within the ventral stream and tnay provide a useful mechanism for resolving 
cotnpetition between multiple objects falling within the receptive field of a 
single neuron (Desimone & Duncan, 1995). Infotmation about features and 
location may also be shared by feedback connections propagating frotn IT to 
striate and extrastriate areas where retinotopically localised activation is made 
available to the dorsal stream for programming of actions (i.e. Goldberg, 1996). 
This potential for sharing both types of infmmation and the cutTent fmding of 
spatial effects in a feature priming task strongly suggests that attention 
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activates representations that jointly encode infonnation about the target's 
position and its non-spatial identity. 
The finding that endogenous shifts of attention can produce allocentric prilning 
can be contrasted with previous evidence showing only egocentric priming for 
exogenous shifts of attention (Cohen, 1981; Chapter 3). One explanation for 
this is a distinction in the information conveyed by the cue. In the case of 
reflexive shifts of attention, experhnents have typically utilised a cue that 
tnarks the location of an object without conveying any information about its 
non-spatial features (i.e. an unrelated visual transient: Posner & Cohen, 1984; 
Egly et al, 1994; Chapter 3 ). It is possible therefore, that priming in response 
to reflexive shifts of attention is constrained to a representation of space that 
codes locations in egocentric coordinates without reference to their features 
(e.g.Treisman & Gonnican, 1988). When attention is directed towards an 
object on the basis of its identity rather than its location, however, attention 
may select objects in a format that represents their identities and the spatial 
relations between them independently of their egocentric location (i.e. in this 
experhnent and that ofMaljkovic & Nakayama, 1996). 
Alternatively, the localisation of ·objects in allocentdc coordinates may be 
contingent upon the target rather than the way that attention is directed 
towards it. Experiments that have found egocentric priming only (Cohen, 
1981; Chapter 3) cued objects that were indistinguishable fi.·otn their 
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neighbours in tetms of features such as colour and shape. This lack of any 
identifying feature other than location may have reduced the visual systetn' s 
ability to track the relative location of the primed object in a dynamic display 
and restricted the influence of pritning in allocentric coordinates. Attention 
directed towards objects with separate identities in a display that maintains 
their local spatial relations (as in the valid and allocentric prime conditions) in 
contrast, may enable selection to operate in a spatial format that codes the 
relative location of objects in an allocentric coordinate fi:atne. This would be 
consistent with evidence of lOR in tnultiple coordinate frames in response to 
peripheral primes for colour defined targets (Tipper et al, 1999), and does not 
itnpose any constraint upon the interaction of target information from different 
neural areas in response to the way attention is allocated (e.g. in response to an 
exogenousorendogenousevenQ. 
4. 7. Conclusion 
In conclusion, the current study provides evidence that endogenous shifts of 
attention are tnediated by spatial information even when they are directed 
towards targets prhned by their non-spatial features. The reliability of 
egocentric priming in the current experitnent suggests that, like reflexive shifts 
of attention, endogenous pritning is sensitive to the egocentric coordinate of the 
primed object. The existence of allocentric priming also provides evidence that 
attention can be directed towards targets whose locations are encoded in tnore 
than one spatial coordinate frame. This supports and extends previous lOR 
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data (i.e. Tipper et al, 1999) to facilitation in response to cues at locations 
specified in both egocentric and allocentric coordinates. The current data also 
suggests that pritning in allocentric coordinates may depend upon the way that 
attention is oriented towards the target and I or the ease with which separate 
objects in the scene can be discriminated in terms of their (non-spatial) 
identity. This interaction, between feature-based pritning and the nature of the 
spatial representation in which selection takes place, itnplies that the 
distinction often made between attending to objects or locations is too 
simplistic to describe the nature of attentional mechanisms that operate on 
target representations at multiple levels of spatial and non-spatial description. 
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Chapter 5 
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5.1. Chapter Aims 
Previous evidence suggests there may be a distinction in the nature of spatial 
representation underlying exogenous and endogenous shifts of covert 
attention. Exogenous shifts of attention in response to a visual transient have 
been shown to facilitate processing at locations encoded in egocentric 
coordinates (Cohen, 1981; Chapter 3). Endogenous shifts of attention in 
contrast, have been shown to facilitate processing at locations encoded in both 
egocentric (Chapter 4) and allocentric coordinates (Maljkovic & Nakayatna, 
1996; Abrams & Law, 2000; Chapter 4). In two experiments, this distinction 
is investigated by measuring the relative contribution of priming in egocentric 
and allocentric coordinate frames for targets primed by exogenous and 
endogenous cues. Primes and targets were presented in four conditions 
designed to systematically vary their spatial relationship in egocentric and 
allocentric coordinates. A reliable effect of priming in egocentric and 
allocentric coordinates was found for exogenous shifts of attention towards 
targets distinguishable by their colour or shape. Comparisons with similar 
findings in response to endogenous shifts of attention (Chapter 4) showed 
there was no significant difference in the pattern of response to targets primed 
in either coordinate fratne for exogenous or endogenous pritnes. The data 
suggest that previously observed differences in the nature of spatial 
representation underlying shifts of exogenous and endogenous attention may 
be attributable to stimulus properties, rather than differences in the way 
attention was oriented or the resultant level of priming (e.g. location or 
object). 
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5.2. Introduction 
5 .2.1. Exogenous and endogenous shifts of attention: peripheral 
and central cues. 
In 1980, Posner suggested two modes of control for covert shifts of visual 
attention: exogenous and endogenous. Exogenous shifts occur in response to 
extetnal events that reflexively capture attention at a patticular location in the 
visual field. Endogenous shifts are voluntarily initiated by the individual and 
often involve a symbolic prime that specifies the identity of a forthcoming 
target using features such as colour, shape or a conjunction of these. The 
distinction between the two modes of control lies in an orienting response 
determined primarily by the type of information conveyed by the cue. Cues 
used to initiate exogenous shifts of attention (called peripheral or direct cues) 
specify the likely location of a forthcoming target without conveying 
information about features such as colour, shape or identity Ｈｐｯｳｮ･ｲｾ＠ 1980; 
Posner et al, 1980; Posner & Cohen, 1984; Yantis & Jonides, 1984; Barrett et 
al, 2001 ). Cues used to initiate endogenous shifts of attention (called central 
or indirect cues) are often spatially uninformative, instead specifying the 
identity of a forthcoming target in terms of its non-spatial features (e.g. 
Chapter 4). While attention in response to a peripheral cue is always directed 
towards a location (where), endogenous shifts may be made towards a target 
primed by its identity (what) in the absence of spatial information. Previous 
research into the nature of spatial representation underlying both types of 
orienting has suggested there may also be a difference in the way cued , 
locations are represented in each coordinate frame. Facilitation in response to 
exogenous shifts of attention seetns to be limited to an egocentric coordinate 
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frame (Cohen, 1981; Chapter 3). Facilitation associated with endogenous 
shifts of attention is apparent at locations encoded in egocentric and 
allocentric coordinates (Maljkovic & Nakayama, 1996; Chapter 4). 
5.2.2. Single or separate mechanisms? 
In addition to the potential differences in the spatial representations underlying 
shifts of exogenous and endogenous attention, research has found the pattern 
of priming associated with each differs in a nutnber of important respects. 
Muller and Findlay (1989) and Muller and Rabbitt (1989) for example, found 
the time course of facilitation and inhibition at the cued location differed 
according to whether attention was oriented in response to an exogenous or 
endogenous event. Exogenous shifts produced 'transient' facilitation at the 
cued location that peaked at around 150-175 milliseconds and faded about 300 · 
tnilliseconds after the onset of the cue. Endogenous shifts produce more 
gradual facilitation, building up over a period of approximately 300 
milliseconds and remaining evident at the cued location for up to one second. 
Differences in the amenability of exogenous and endogenous attention to 
interference effects have also been reported. Jonides (1981) found a secondary 
memory task affected responses to central (endogenous) cues but not 
responses to peripheral (exogenous) cues. The predictive validity of 
peripheral and central cues has also been shown to affect orienting behaviour 
differently. Endogenous shifts are sensitive to prime-target contingencies 
while exogenous shifts occur in situations whether their predictive ｶｾｬｩ､ｩｴｹ＠ is 
high or low (Jonides, 1981). Remington et al (1992) for exatnple, found 
facilitation at the location of a peripheral cue in a task in which it never validly 
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cued the location of a forthcotning target. The appearance of inhibition of 
return (lOR) at the location of a previously cued object also distinguishes 
between exogenous and endogenous shifts of attention. Short-tenn facilitation 
is replaced by lOR only when a peripheral prime is used to orient attention to a 
given location. Central cues do not have the same effect and do not result in 
lOR at the location of the cued object (Posner & Cohen; 1984; Rafal et al. 
1989). These differences have protnpted a debate in the literature between 
those who think exogenous and endogenous shifts are separable tnodes of 
control for a single attentional system (e.g. Posner, 1980; Jonides, 1981) and 
those who argue for two separate systems: a fast acting reflexive ･ｸｯｧ･ｮｾｵｳ＠
and a slower, voluntarily oriented endogenous system of attention (e.g. Muller 
& Findlay, 1989; Muller & Rabbitt, 1989). 
5.2.3. Locations or objects; the same representational substrate? 
Another potential difference between exogenous and endogenous attention is 
the type of mental representation underlying selection (e.g. locations versus 
objects). Abrams and Law (2000), for example, were interested in whether 
attention oriented in response to peripheral and central primes was similarly 
sensitive to object boundaries. Replicating Egly et al's (1994) study, they 
compared RT across two critical prime-target conditions in a display 
containing two rectangular objects. Non-valid prime-target pairs were 
presented to opposite ends of the satne object or to equidistant points in 
separate objects. When the pritne and the target were presented at different 
ends of the same object, RT were significantly faster than when they were 
presented in separate objects irrespective of whether a peripheral or central 
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prime was used. Abrams and Law (2000) suggested that facilitation in both 
cases was constrained by the presence of object boundaries in the display. 
Stuart et al (1997), however, produced contrasting data. They used brief 
luminance increments to prime one of two overlapping triangles and tested RT 
to probes presented in two conditions designed to separate spatial coincidence 
and object identity. Primes could validly predict the location (but not the 
triangle) or the triangle (but not the location) of probes presented on the same 
or different objects, at a location that was shared or uniquely occupied by each 
triangle. Stuart et al (1997) found that although RT was sensitive to visual 
contours, differences between the two conditions reflected a spread of spatial 
activation that was constrained by the proxitnity of borders to the prime rather 
than within each separately identifiable object. This suggests that exogenous 
attention results in localised activation that is constrained by low-level features 
such as lutninance defined contours rather than selecting objects that have 
been segregated on the basis of their geometric properties. 
5.3. Purpose of the current study 
The purpose of the cutTent experiment is to investigate whether the potential 
distinction between exogenous and endogenous shifts of attention affects the 
coordinate frame in which facilitation occurs. Previous evidence (e.g. Cohen, 
1981) has shown that exogenous shifts are made to locations encoded in 
egocentric coordinates while endogenous shifts are made to locations encoded 
in egocentric and allocentric locations (e.g. Maljkovic & Nakayama, 1996). In 
Chapter 4 two possible explanations were suggested for this difference: (i) a 
distinction in the representational substrate used by exogenous and 
endogenous attention and (ii), the nature of the visual stimulus in the array. In 
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the first case, it is possible .that exogenous attention is constrained to a 
representational format that codes the egocentric location of events without 
reference to any features or objects in the visual scene (e.g. Triesman & 
Gormican, 1988). Endogenous shifts directed towards features in contrast, 
tnay select ｯ｢ｪ･ｾｴｳ＠ in a format that represents their (feature-based) identities 
and the spatial relations between thetn independently of their egocentric 
location. A second possibility is that the observed difference is influenced by 
the distinctiveness of objects in the visual scene rather than the way attention 
is allocated. Experiments investigating exogenous shifts have typically 
utilised identical targets that vary only in terms of location (Cohen, 1981; 
Chapter 3). The lack of identifying non-spatial features in these tasks may 
have lhnited the utility of a representation that codes the relative location of 
objects in terms of their non-spatial identity. To test these two possibilities, a 
peripheral prime was used to orient attention to the location of one of three 
objects distinguishable in tetms of their colour or shape. The spatial 
relationship between the location of the prime and a subsequent discrimination 
target was varied in four conditions designed to test the relative contribution of 
priming in egocentric and allocentric coordinate frames. 
5.4. Method 
Participants. Twenty-four undergraduates frotn the University of Surrey 
participated (12 in Experiment 4 and 12 in Experiment 5). All had nonnal or 
corrected to normal vision and received a course credit for taking part in the 
study. 
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Stimuli. Experimental trials consisted of the sequence of events illustrated in 
Figures 5.1 and 5.2. 
Fixation 1 
(1000 msec) 
Prime 
(50 msec) 
Targets 
(200 msec) 
Time 
Mask 
(500 msec) 
Figure 5.1. Illustration of the sequence of events during an experimental trial in Experiment 5. 
In Experiment 4, the triad of objects were all circular with each coloured differently, one red, 
one green and one blue. 
The current study used displays identical to those reported in Chapter 4 except 
for the prime stimulus. The object in which the target would appear was 
primed using a white circle, presented centrally within the object and 
subtending 1.76 degrees. To ensure maximal facilitation at the primed 
location, the prime was presented for 50 milliseconds, followed by an inter-
stimulus interval of 150 milliseconds. This created a cue target asynchrony of 
200 milliseconds (see Muller & Rabbitt, 1989). 
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Prime Prime 
(a) Valid (b) Egocentric 
+ 
Prime Prime 
(c) Allocentric (d) Non-valid 
Figure 5.2. Illustrates the four prime conditions in Experiments 4 and 5 (Experiment 4 used 
different coloured circles rather than the shapes illustrated) . In each case the spatial 
relationship between the location of the object when primed, and when the targets 
subsequently appear varies according to whether the relationship remains: (a) constant in both 
egocentric and allocentric coordinates (b), constant in egocentric coordinates (c), constant in 
allocentric coordinates or (d), constant in neither coordinate frame of reference. 
To manipulate the spatial relationship between the target and prime, four 
conditions were used to vary the validity of cue in terms of the target's 
position in either egocentric or allocentric coordinates (see Chapter 2). In each 
experimental block, the four prime conditions were randomly interleaved with 
each comprising 25% of the total number of trials (176). 
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Procedure. The procedure replicated that in the previous experiment. In 
Experiment 5, two participants made saccades towards the target on more than 
5% of trials and were excluded from the analysis. 
5.5. Results 
5.5.1. Experiment 4 
Figure 5.3(a) RT data and (b), percent correct scores are plotted for each prime 
condition for colour-defined objects. 
Mean RT by Prime Condition 
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a: 
c 
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Non-valid Allocentric Egocentric Valid 
Prime Condition 
Figure 5.3a. Mean RT by prime condition for colour-defined objects. The location of the 
primed object remained constant in egocentric, allocentric or both coordinate frames. In non-
valid trials, the location of the primed object changed in both coordinate frames. 
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Figure 5.3b. Mean percent correct by prime condition for colour-defined objects. The 
location of the primed object remained constant in egocentric, allocentric or both coordinate 
frames. In non-valid trials, the location of the primed object changed in both coordinate 
frames. 
A 2 way MANOVA revealed main effects of egocentric (F2,I0=9.313, p = 
0.005) and allocentric priming (F2,10=7 .851, p = 0.009) but no significant 
egocentric by allocentric interaction (F2,I0=3.527, p > 0.05). As can be seen 
from Figures 3a and 3b, prime conditions producing the fastest reaction times 
also produced the most accurate scores, ruling out a speed accuracy trade off 
in the data. Both figures also show a difference in the magnitude of egocentric 
and allocentric priming although post hoc comparisons show this difference 
did not reach statistical significance (F2,10=1.801, p > 0.05). The data for 
colour defined targets, therefore, show reliable effects of priming in egocentric 
and allocentric coordinates in response to exogenous shifts of attention. 
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5.5.3. Experiment 5 
Figure 5.4(a) illustrates mean RT and (b), mean percent correct by prime 
condition for shape-defined objects across the four prime conditions. 
Mean RT by Prime Condition 
600 
ｾ＠ 550 (/) 
s 
ｾ＠
a: 
c: 
co 500 Q) 
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Non-valid Allocentric Egocentric Valid 
Prime Condition 
Figure 5.4(a) Mean RT by prime condition for shape-defined objects. The location of the 
primed object remained constant in egocentric, allocentric or both coordinate frames. In non-
valid trials, the location of the primed object changed in both coordinate frames. 
A 2 way MANOV A for shape defined objects revealed a main effect of 
egocentric (F2,8=23.787, p < 0.001) but not allocentric priming (F2,8=0.2.009, p 
> 0.05) and no significant egocentric by allocentric interaction (F2,s=0.229, p > 
0.05). Like the colour prime data, the pattern of performance for shape 
defined objects reveals a difference in priming between the egocentric and 
allocentric conditions. In this case, the allocentric effect failed to reach 
statistical significance. A comparison between priming in the egocentric and 
allocentric conditions only confirmed this lack of effect for priming at the 
allocentric location (F2,8=12.31, p = 0.004) and univariate analysis for RT 
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(F 1,9=3.881, p > 0.05) and percent correct scores (Ft,9=1.90, p > 0.05) showed 
there was no allocentric affect for either measure of performance 
independently . 
Mean Percent Correct by Prime Condition 
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Figure 5.4(b) Mean percent correct by prime condition for shape-defmed objects. The 
location of the primed object remained constant in egocentric, allocentric or both coordinate 
frames. In non-valid trials, the location of the primed object changed in both coordinate 
frames. 
5.5.3. Chapters 4 and 5 
The data for Experiment 4 demonstrates exogenous priming for colour-defined 
targets in multiple coordinate frames: egocentric and allocentric. Experiment 
5, however, shows no exogenous priming at the allocentric coordinate of a 
target primed by its shape. This difference suggests there is no simple 
relationship between the way attention is oriented and the likelihood that 
priming will occur in allocentric as well as egocentric coordinates. Instead, 
variability in the occurrence of allocentric priming in experiments using the 
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same type of cue but different stimuli suggest a more complex relationship. In 
order to further investigate this, two further MANOV As were computed using 
data from this and the previous chapter. Type of orienting (exogenous I 
endogenous), were between subjects factors and egocentric (present I absent) 
and allocentric (present I absent), were within subjects factors. 
Figure 5.5 illustrates mean RT and percent correct scores for colour-defined 
targets across the four prime conditions for exogenous and endogenous shifts 
of attention. 
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Mean RT by Prime Type and Condition 
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Figure 5.5(a). Mean RT is plotted by prime condition for exogenous and endogenous shifts 
of attention towards colour-defined objects. 
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Figure 5.5(b). Mean percent correct scores are plotted for each prime condition for 
exogenous and endogenous shifts of attention towards colour-defined objects_ 
The 3 way MANOVA yielded main effects for type of orienting (F2,1o=7.315, 
p = 0.011), egocentric (F2,I0=29.364, p < 0.001) and allocentric (F2,10=8.646, p 
= 0.007) priming. As can be seen in Figure 5, responses to endogenous cues 
were faster but slightly less accurate than those to exogenous cues. No 
interactions for type of orienting and egocentric (F2, 10=0.182, p > 0.05) or 
allocentric (F2,I0=0.481, p > 0.05) priming were observed. Nor was there a 
significant egocentric by allocentric priming (F2,10=2.920, p > 0.05) effect, 
although the three way interaction between type of orienting and egocentric 
and allocentric priming did approach significance (F2,10=3.207, p = 0.084). 
This reflects a significant (F 1,11=6.813, p = 0.024) three way interaction in the 
RT data (see Figure 5.5a), which suggests that egocentric and allocentric 
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components of visual orienting combine differently depending upon the way 
attention is oriented. 
Figure 5.6(a) plots mean RT and (b) mean percent correct by prime condition 
for shape defined targets in response to exogenous and endogenous shifts of 
attention. 
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Figure 5.6(a). Mean RT is plotted by prime condition for exogenous and endogenous shifts 
of attention towards shape-defined objects. 
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Figure 5.6(b). Mean percent correct scores are plotted for each prime condition for 
exogenous and endogenous shifts of attention towards shape-defmed objects. 
The 3 way MANOVA for shape defined targets yielded a non significant 
effect of type of orienting (F2,8=1.415, p > 0.05) but main effects of priming in 
egocentric (F2,s=42.751, p < 0.001) and allocentric coordinates (F2,8=4.553, p 
= 0.048). The significant result for allocentric priming illustrates an overall 
effect upon both RT and percent correct scores across both types of orienting 
despite non-significant effects in response to exogenous shifts (Experiment 5 
this chapter). Unlike the colour primed targets, the type of orienting by 
egocentric (present I absent) interaction for shape defined targets was 
significant (F2,s=6.?66, p = 0.019). This reflects differences in the relative 
advantage for targets in the egocentric and valid conditions in response to 
endogenous compared to exogenous shifts of attention (see Figure 5.6a) and 
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higher accuracy scores in the egocentric compared to the valid condition for 
exogenous but not endogenous shifts of attention. (Figure 5.6b ). Type of 
orienting by allocentric (F2,8=1.673, p > 0.05), egocentric by allocentric 
(F2,8=3.296, p > 0.05) and type of pritning by egocentric and allocentric 
(F2,8=0.030, p > 0.05) interactions did not reach statistical significance. 
5.6. Discussion 
Previous findings have suggested there may be differences in the nature of 
spatial representation underlying exogenous and endogenous shifts of 
attention. While exogenous attention has been shown to localise targets in 
egocentric coordinates (e.g. Cohen, 1980; Chapter 3), endogenous attention 
has been shown to facilitate locations encoded in tnultiple coordinate frames 
(Maljkovic & Nakayama, 1996; Chapter 4). The cutTent experiment was 
designed to compare facilitation in egocentric and allocentric coordinates in 
response to peripheral and central cues. The reliable effect of priming at the 
egocentric location is evidence for facilitation across experiments employing 
different types of cue (peripheral and central) to prime targets that are either 
nondescript or differentiated in terms of non-spatial features (colour and 
shape). Pritning at the egocentric coordinate of a visual target, therefore, 
seems independent of the way attention is oriented towards an object or 
location in the visual scene. The cunent findings also demonstrate priming in 
allocentric coordinates in response to peripherally cued targets that are 
distinguishable in tenns of their colour or shape. This contrasts with previous 
data (Cohen, 1980; Chapter 3) and provides strong evidence for priming in 
multiple coordinate frames for both exogenous and endogenous shifts of 
96 
---- ---- --
attention. In particular, the lack of any interaction between type of orienting 
(exogenous or endogenous) and facilitation in allocentric coordinates argues 
against any constraint hnposed on the nature of spatial representation in 
response to different types of attentional cue or by the level of priming (object 
versus location). 
Chapter 4 proposed two possible explanations for the previously reported lack 
of allocentric priming in response to exogenous shifts of attention. First, it 
was suggested that priming in response to peripheral cues may be litnited to a 
spatial representation that codes the egocentric location of the prime without 
reference to the non-spatial features of either the cue or any objects present. 
Assuming a distinction between attention directed towards locations (where) 
and objects (what), this explanation posits a difference in the type of 
representation underlying exogenous and endogenous attention. The reliable 
effect of allocentric pritning for exogenous shifts of attention and the lack of 
interaction between type of orienting and allocentric pritning in the current 
chapter, however, is inconsistent with this account. Instead, the data favours a 
second proposal: that differences in the occun-ence of allocentric priming are 
tnediated by the salience of non-spatial features in the visual field rather than 
the way attention is oriented. The reliable effect of allocentric priming for 
objects distinguishable by their colour or shape cotnpared to the lack of any 
allocentric priming for nondescript targets (Chapter 3) supports this assertion, 
suggesting that allocentric priming is contingent upon stitnulus properties that 
enable global representations to encode the relative location of individual 
objects across tnultiple levels of description. Differences in the magnitude of 
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egocentric and allocentric priming for colour and shape defined targets also 
provide some support for this assertion, with more easily discerned colour 
differences producing allocentric effects comparable with egocentric priming 
while shape differences produce a significantly stnaller allocentric than 
egocentric effect (see section 5.7. and 5.8.). The allocentric effect is largest, 
therefore, in conditions where objects easily distinguished by a non-spatial 
feature remain in the same global configuration despite changes in their 
egocentric locations. 
The effect of stimulus similarity upon selective attention is already well 
documented in the search literature. Target selection (search performance) is 
enhanced by the spatial and non-spatial separation of the target from 
distractors (Duncan & Humphreys, 1989; Palmer, 1998). This effect is 
particularly evident for targets defined by differences along a single feature 
such as colour and is apparent for feature singletons (e.g. Bundesen & 
Pedersen, 1983; D'Zmura, 1991) as well as in displays wth distractors of more 
than one colour (Duncan, 1988; Wolfe et al, 1990). In the latter, search 
performance is dependent not on the number of different coloured distractors, 
but their heterogeneity and relationship to the target in terms of colour space 
(D'Zmura, 1991). The possibility that this effect generalises from search to 
cueing tasks is supported by electrophysiological evidence that both tasks 
utillse common attentional mechanisms to control processing in the visual 
cortex. Mangun and Hillyard (1991) for exatnple, found two components of 
the evoked response potential (ERP) to stimuli cued using a peripheral prhne 
that reflected localised attentional modulation. PI and N1 components were 
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larger to targets appearing at valid cmnpared to non-valid locations, indicating 
facilitated sensory processing at the cued location that conesponded to 
decreases in RT. A similar observation was tnade by Luck and Hillyard 
(1995). They used search arrays with colour defined targets (endogenous 
attention) and also found larger P1 and N1 components to probe stimuli 
presented at the target's location compared to at distractor locations. This 
consistency across both exogenous and endogenous attentional shifts in cuing 
and visual search tasks implies cotntnon neural mechanisms underlying both 
types of orienting response (Mangun et al, 1999). 
Although no direct comparisons can be made between my own and the 
electrophysiological data, both are best accomtnodated by a model of attention 
that does not constrain the substrate of selection according to the way attention 
is oriented (or the representational status of the intended target). According to 
the Integrated Competition Hypothesis (Duncan et al, 1997), bottom-up factors 
such as the salience of a discriminating feature that differentiates objects (e.g. 
colour or shape) and top down factors (e.g. selection of an object with a 
particular colour or shape) interact to bias competition across multiple cortical 
areas. Although the initial locus of pritning may change in response to 
different cues, exogenous and endogenous priming will lead to the modulation 
of the same neural circuits via feedback and feedforward connections between 
them (Behrmann & Haimson, 1999; Kastner & Ungerleider, 2001). In tetms 
of the nature of spatial representation, my data is consistent with localised 
facilitation in multiple coordinate frames that is independent of the way 
attention is oriented. Top-down (endogenous) and bottom-up (exogenous) 
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priming both lead to facilitation at locations that can be encoded in more than 
one coordinate frame. 
The occurrence of allocentric priming, however, seems contingent on stimulus 
propel1ies such as the separability of the target frotn distractors in the array 
along a non-spatial dimension. This suggests the activation (or construction) 
of a representation in allocentric coordinates depends not only on the relative 
location of the target in the display, but also the salience of those features that 
identify each separate object or component in the visual scene (e.g. colour or 
shape). This suggest a possible distinction between priming in egocentric and 
allocentric coordinates. While the latter seems contingent on stimulus 
properties such as the separability of separate objects along non-spatial 
dimensions, facilitation in egocentric coordinates persists despite changes in 
the sitnilarity of objects in the display (e.g for white objects and objects 
distinguishable by their colour). Priming in the current experiment, therefore, 
may represent two forms of facilitation: one that indexes locations 
independently of local features in egocentric coordinates and one that codes 
the relative location of separate objects (or palts of an object) independently of 
their egocentric coordinate in a representation that is sensitive to non-spatial 
features. 
5. 7. Conclusion 
In conclusion the cun·ent study provides evidence for facilitation in multiple 
coordinate fratnes for exogenous and endogenous shifts of attention. 
Differences in the magnitude of priming in egocentric and allocentric 
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coordinates suggest that priming in allocentric coordinates is contingent upon 
the ｳ｡ｬｩｾｮ｣･＠ of non-spatial features belonging to objects in the visual field 
rather than the way attention is oriented. Both peripheral and central cues 
produce allocentric priming despite differences in the infonnation conveyed 
by each type of cue, providing strong evidence for a common activation of 
multiple spatial maps for exogenous and endogenous attention. This result is 
consistent with models of attention that assume competitive interactions across 
neural sites activated by top-down and bottom-up factors. In addition, the 
finding supports Posner's (1980) assertion that exogenous and endogenous 
shifts of attention reflect two different modes of control for a single, rather 
than separate attentional systems. The distinction between priming in 
allocentric coordinates which is sensitive to the non-spatial properties of 
stimuli and priming in egocentric coordinates which is not, suggest there may 
be a difference in the way selective attention combines features and their 
locations in the two coordinate fratnes. It is possible for example, that 
egocentric priming reflects a spatial index that is not sensitive to local non-
spatial features (space-based) while allocentric priming reflects facilitation that 
is bound to the relative location of a particular feature in the visual scene 
(object-based). 
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Chapter 6 
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6.1. Chapter aims 
The findings reported in the previous chapter suppott the claim that attending 
to an object primed by non-spatial features such as colour or shape also entails 
attending to the object's location {Tsal and Latny, 2000). Futthermore, the 
data suggest that object locations may be represented in more than one 
coordinate fi.·ame simultaneously. What is unclear however, is the extent to 
which the reduction in response times reflects facilitation associated with the 
location of the pritned object only or facilitation that is specific to both the 
object's location and the non-spatial attribute to which attention was directed. 
The current chapter reports an experiment designed to distinguish between 
these two possibilities. Colour cues presented at fixation were used to orient 
attention to one of a triad of different coloured objects. Cues always validly 
predicted the location of the forthcoming target in either egocentric or 
allocentric coordinates. The validity of the cue in terms of a non-spatial 
feature (color), however, was manipulated. In both coordinate frames, 
responses to targets presented in objects validly cued by their location and 
colour were significantly faster than baseline responses made in the absence of 
any cues. Responses to targets presented at a valid location but in an object 
with a different colour to that prhned were significantly slower than in the 
baseline condition. These results are inconsistent with a purely spatial account 
of attention and suggest that facilitation in egocentric and allocentric 
coordinates is sensitive to identity as well as the location of the pritned target. 
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6.2. Introduction 
6.2.1 Space-based and object-based pr1m1ng: cooperative 
processes? 
Spatial cues have been shown to hnprove performance on a nutnber of tasks 
(i.e. Posner & Cohen, 1984). This effect persists across a range of scales from 
broad areas of the visual field (e.g. across the vertical or horizontaltneridian) 
to more localised areas of approxitnately two or three degrees of visual angle 
(Eriksen & Eriksen, 1974). Spatial priming is effective for objects as well as 
blank regions of space that contain no objects or local features (Henderson & 
Macquiston, 1993; Luck, 1995). While the above can be explained by a 
sitnple space-based mechanism that heightens perceptual sensitivity at cued 
locations, central cues that pritne a feature independently of its location must 
entail some degree of cooperation between visual-cortical areas coding spa!ial 
and non-spatial information. Depending upon the type and number of features 
primed, this potentially involves a combination of over thirty functional areas 
(Felleman & Van Essen, 1991) that are organised within two cortico-cortical 
processing streams (Mishkin et al, 1993). The ventral stream, which 
originates in V1 and projects to areas of the ventral lobe and the dorsal stream, 
projecting frotn V1 to areas within the posterior parietal cortex. Lesion studies 
have provided evidence that this anatomical separation maps onto a functional 
distinction between the two streatns, with ventral areas itnportant for object 
recognition and dorsal areas implicated in spatial perception and visual-motor 
performance (Ungerlieder & Mishkin, 1982). In addition to combining 
information from separate visual streams, any joint representation of spatial 
and non-spatial information tnust also entail cooperation between 
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hierarchically organised areas within each stream. Both visual field size and 
the response properties of neurons in hierarchically organised areas differ so 
that stitnulus coding and spatial sensitivity change as information travels from 
early retinotopic (e.g. Vl) areas to higher order areas (e.g. I.T) where 
retinotopy is no longer preserved (Boussaoud et a, 1991; Desimone & 
Ungerleider, 1989). The role of selective attention and the extent that priming 
at one level (e.g. location, feature or a conjunction of these) is independent of 
priming at other levels of description for the selected target retnains a central 
question in our understanding of the cognitive and neural mechanisms 
underlying selective attention. 
6.2.2. Attending to features entails attending to locations 
There is a growing body of evidence that suggests orienting attention towards 
an object entails attending to the object's location. Tsal and Lamy (2000) for 
example, were interested in whether directing attention towards a feature 
(colour) in the display would result in facilitation associated with the primed 
feature, the primed location or a combination of these. Using three conditions 
they manipulated the spatial and non-spatial relationship between the primed 
object and subsequently presented discrimination targets (letters) in three 
ways. Discrimination targets shared either the same location but not the same 
colour as the selected object, the same colour but not the same location as the 
selected object or shared neither the satne location or colour as the selected 
object. A comparison of accuracy rates for discritnination targets in each 
condition found some advantage for targets that could be grouped with the 
selected object in terms of its colour (Experiment 1 ). More surprising 
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however, was the reliable advantage for different coloured targets at the satne 
location as the primed object. The greater magnitude of this space-based 
effect and its independence from feature-based selection protnpted Tsal and 
Lamy (2000) to suggest attention operates primarily by facilitating information 
at the location of a target, even when its selection is initiated by non-spatial 
infonnation (see also Schendel et al, 2001) 
Kim and Cave (200 1, Experiment 2) reached a similar conclusion. They 
investigated spatial effects for objects grouped by colour using a four-letter 
display where a target was flanked by three distractors in a two by two atTay. 
One distractor, always positioned within the same column or row as a pre-
defined target, shared the target's colour while the others did not. Response 
times to a probe stitnulus presented to the locations occupied by the target and 
distractors were then used as an index of spatial attention. The data revealed 
faster responses to probes at the location of the same coloured distractor 
compared to probes at the location of a different coloured distractor even when 
their distance from the target was the same. Kiln and Cave (200 1) interpreted 
this as evidence for space-based facilitation at the location of objects grouped 
together on the basis of a common non-spatial feature. As with Tsal and 
Lamy's (2000) task, selection of a colour had resulted in facilitation at a 
location that was occupied by an object with the primed feature. Unlike Tsal 
and Lamy (2000), localised facilitation seetned sensitive to factors other than 
simple proximity, with locations grouped by colour showing feature-based 
spatial effects. Crepeda et al (1998) also found spatial effects for endogenous 
shifts of attention towards a colour singleton in a search task. They found 
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reaction times to probes varied according to their location with probes at the 
location of the colour singleton producing reaction times reliably faster than 
those to probes at the location of a different coloured distractor. Crepeda et al 
(1998) attributed this localised facilitation to a form of 'feature-driven spatial 
attention,' which produced 'relative facilitation' at the target's location by 
inhibiting input from spatial regions occupied by objects that did not posses 
the selected (primed) feature. 
6.2.3. Is localised facilitation feature specific or independent? 
The data above provide strong evidence for facilitation at the location of a 
colour-primed target. Likewise, the findings of chapters 4 and 5 are consistent 
with spatially localised feature-driven attention, extending these results to 
locations coded in tnore than one coordinate frame. What is unclear however, 
is the extent to which feature-based priming results in localised facilitation that 
is independent of, or specific to, the attention driving feature/s. In the 
experiments of Crepeda et al (1998) and Kim and Cave (200 1) for example, 
probes were deliberately distinct frotn the target, sharing its location but not its 
shape or colour (e.g. a black square where the targets were coloured digits). 
Although Kim and Cave (2001) showed spatial effects at locations grouped by 
colour, their data can not distinguish between facilitation at the target location 
that is purely space-based and facilitation that is sensitive to the target's colour 
as well as its location. Tsal and Lamy (2000) in contrast, cotnpared response 
times to probes that shared either the same colour or the same location as the 
selected object but never both. The lack of an experimental condition 
comparing reaction time to targets sharing the pritne's location and colour 
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precludes the measurement of any interaction between location and feature-
based priming at the target's location. Likewise, the paradigtn adopted in the 
current thesis has tneasured location-based effects only, while holding any 
potential variation due to feature-based priming constant (the cue is always 
valid in tenns of colour or shape while egocentric and allocentric location is 
varied). The extent that localised facilitation in either coordinate frame is 
sensitive to the non-spatial feature primed, therefore, can not be assessed. 
Previous evidence (see chapter 5) has suggested a possible distinction in the 
extent to which priming in egocentric and allocentric coordinates is sensitive 
to non-spatial features in the display. While priming associated with an 
allocentric location seems to occur only for objects that are separable in terms 
of their non-spatial features (e.g. colour or shape), facilitation at the egocentric 
location of a target persists whether objects in the display are distinct or not. 
Priming in either fi·ame may, therefore, reflect localised facilitation that may 
or tnay not be sensitive to the occun·ence of the prhned feature. 
6.3. Purpose of the current experiment 
The purpose of the current experiment is to manipulate the validity of feature 
priming for colour defined targets in a task that holds any variation due to 
location-based priming in egocentric or allocentric coordinates constant. In 
doing this, the experiment seeks to compare feature-based effects at the 
allocentric and egocentric coordinates of a primed object as well as contrasting 
the predictions of two alternative concepts of attention. First, models such as 
the zoom-lens (Eriksen & St. James, 1986) and Feature Integration Theory 
(FIT; Triesman & Gotmican, 1988) predict localised facilitation in response to 
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a prime that is not feature-specific. Triestnan and Gormican (1988) for 
example, suggest selection operates via a master map of locations that 
specifies where things are but not what they are. Rather than being directed 
towards features at locations, attention is directed towards locations where 
separate features are conjoined into an object file. 'To put what and where 
together, an attention window moves within the location map and selects from 
the feature maps whatever features are currently linked at the attended 
location' (Triesman, 1999, p. 94). According to this type of account, the 
selection of objects is primarily spatial, with information about the non-spatial 
features at a particular location accessed only via a serial search of locations 
that are represented in a spatiotopic map of the visual field. 
This unidirectional flow of information (location :=:} feature) can be contrasted 
with a second type of tnodel that allows attention to be directed towards 
locations on the basis of non-spatial properties. The Feature Gate model 
(Cave, 1999) for example, proposes a top down mechanistn where feedback 
activation from areas representing objects independently of their location 
triggers activation at locations in a spatiotopic map of the visual field. This 
allows the selection of locations to be guided by 'what' rather than the 
resolution of 'what' always depending upon an uninformed search of 
locations. This bi-directional flow of information (location ¢:::> feature/s) 
between areas coding spatial and non-spatial information is also emphasised 
by recent neural models of attention (e.g. Chelazzi et al, 1998; Duncan et al, 
1997; Van der Velde & De Kamps 2001 ). These propose selectivity at 
multiple levels of description amongst objects that activate parallel 
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representations across a distributed network of neural sites within both the 
dorsal and ventral visual streatns. Such tnodels are characterised by a more 
interactive account of attention where selection biases the activation of spatial 
and non-spatial target information drawn frotn a number of different neural 
sites. In this case, both location and the presence of the non-spatial feature 
pritned would be expected to contribute to feature-driven facilitation at the 
target's location. 
6.4. Method 
Participants. Ten postgraduate students from the University of Surrey 
participated in the current experiment, each with normal or corrected to notmal 
vision. 
Apparatus. The apparatus was the same as detailed in Chapter 2. 
Stimuli. Experimental trials consisted of the sequence of events illustrated in 
Figure 6.1. For this experiment, only colour targets were used, with one object 
red, one green and one blue. Coloured objects had produced the strongest 
allocentric effect in the previous experitnents and were more easily 
distinguishable in terms of the pritning feature than shape defined targets. It 
was thought, therefore, that colour would provide a stronger tneasure of 
feature-based sensitivity at the location of the ptitned target. 
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Target = -1 or 1-
Fixation 1 
(1000 msec) 
Prime 
(100 msec) 
lSI 
(300 msec) 
Targets 
(200msec) 
Time 
Mask 
(500 msec) 
Figure 6.1. Sequence of events in an experimental trial 
For egocentric and allocentric conditions the feature-validity of the cue was 
manipulated by varying the relationship between the colour of the prime and 
the object in which discrimination targets appeared. Targets could appear in 
an object that shared (valid) the same colour as the cue or in a differently 
coloured object (non-valid). In the egocentric condition, the location of the 
feature-primed object and the object in which the 'T' appeared remained 
constant in body-centred coordinates. In the allocentric condition, the location 
of the cued object and the object in which the 'T' appeared remained constant 
relative to the other objects in the display but moved in terms of its egocentric 
position (see Figure 6.2). The position of targets in the non-valid conditions 
was controlled to ensure the target never appeared at a coordinate valid in the 
111 
alternate frame (e.g. non-valid primes in the egocentric experiment were never 
valid in allocentric coordinates). 
Target (I) 
0 0 
Prime Prime 
(a) Egocentric (b) Allocentric 
Figure 6.2. Illustration of the two valid prime conditions. (a) Egocentric - primed object and 
the target are presented to the same location on the screen but a different relative location in 
the display. (b) Allocentric - primed object and the target are presented at the same relative 
location in the display but at a different location on the screen. 
As the localised effects of endogenous priming have previously been shown to 
be sensitive to contingencies (e.g. Jonides, 1981 ), a blocked design was used 
to minimise spatial uncertainty in the current task. Egocentric and allocentric 
conditions were, therefore, presented in separate blocks with each containing 
100 trials. Targets at a valid location in either coordinate frame were cued 
with an appropriate colour on 70% of trials and an inappropriate colour on 
30% of trials (feature-prime). The distribution of valid and invalid trials was 
randomised within each block. In addition to responses in the egocentric and 
allocentric conditions, baseline responses in the absence of a prime were also 
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recorded in a separate experimental block that was run at the beginning of the 
testing session. In this block, R T and accuracy were recorded for a prime that 
was white rather than having a colour that was predictive of the forthcoming 
target's location. 
Procedure. The procedure followed that described in Chapter 2. 
6.5. Results 
Figure 6.3a shows the mean response time (RT) and Figure 6.3b the mean 
percent correct scores for targets preceded by a valid and invalid feature cue at 
the same egocentric and allocentric coordinate as the primed object. The 
dashed line represents the baseline in either measure for responses to targets in 
the absence of a prime. 
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Feature-Prime Validity 
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Prime Type 
Figure 6.3(a). Mean RT is plotted for each of the feature-prime conditions for targets 
presented at the same egocentric and allocentric coordinate as the primed object. Error bars 
indicate 1 standard error. 
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Planned comparisons yielded a significant effect of feature-prime validity for 
targets presented at the egocentric coordinate they were cued. Compared to 
baseline responses, performance (reduced RT and increased percent correct 
scores) was significantly better (F2,s = 17.302, p = 0.001) for targets in a 
validly primed object. Performance in the non-valid condition, however, did 
not differ significantly from performance in the baseline condition (F2,s 
0.542, p > 0.05). 
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Mean Percent Correct by Coordinate Frame 
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Prime Type 
Figure 6.3b. Mean percent correct is plotted for each of the feature-prime conditions for 
targets presented at the same egocentric coordinate as the primed object. Error bars indicate 1 
standard error. 
Planned (MANOV A) comparisons also yielded a significant effect of feature-
prime validity for targets at the same allocentric coordinate they were cued. 
Compared to baseline responses, performance was significantly better (F 2,8 = 
10.386, p = 0.006) for targets presented within a validly primed object and 
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significantly worse for targets presented in an invalidly primed object (F2,s = 
10.296, p = 0.006). Thus, while targets in an invalidly cued object in 
egocentric coordinates produced performance that was comparable to the 
baseline condition, invalid feature priming in allocentric coordinates produced 
a significant decrement in perfotmance (see Figures 6.3a and 6.3b ). To further 
investigate these differences in the magnitude of feature-based facilitation and 
inhibition in each coordinate frame, a 2 way MANOV A was computed with 
feature-prime validity (same or different colour) and coordinate frame 
(egocentric and allocentric) entered as within subject factors. 
The MANOVA yielded significant effects of feature-prime validity (F2,8 = 
14.364, p = 0.002) and coordinate frame (F2,8 = 11.783, p = 0.004) but no 
significant validity by coordinate frame interaction (F2,8 = 2.546, p > 0.05). 
Priming in either coordinate fi·ame was equally sensitive to the distinction 
between feature-valid and invalid primes. The main effect of coordinate frame 
however, does demonstrate a significant difference between the two in terms 
of the absolute magnitude of priming. Together with the planned 
comparisons, the data show localised prhning that is sensitive to the primed 
feature in both coordinate frames as well as specifying a distinction in the 
magnitude of facilitation and inhibition associated with locations in egocentric 
and allocentric coordinates. While facilitation is evident for validly cued 
objects in both coordinates frames, feature-based priming at the egocentric 
coordinate produces significantly better performance than at the allocentric 
coordinate (F2,s = 17.00, p = 0.001). Inhibition associated with an invalid 
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feature-prime, however, produces performance decretnents significantly worse 
than that in the baseline condition only in allocentric coordinates. Whether 
this difference reflects a general reduction in facilitation in the allocentric 
compared to egocentric coordinates (that produces a shift in the valid and 
invalid feature-pritne conditions towards poorer performance) or a 
qualitatively different inhibitory component at the allocentric location of the 
primed object is difficult to detetmine from the current data. 
6.6. Discussion 
Chapter six sought to establish whether localised facilitation in egocentric and 
allocentric coordinates is specific to the non-spatial feature primed for 
endogenous shifts of attention. The findings clearly demonstrate feature-based 
effects in an experiment where previously demonstrated location-based 
facilitation in both coordinate fratnes is held constant (Chapters 3, 4 and 5). 
This provides strong support for the claim that orienting attention towards an 
object pritned by non-spatial features results in localised facilitation that is 
specific to, rather than independent of, the attention driving feature. 
According to spatial models of attention (e.g. Erikson & St James, 1986; 
Triestnan & Gotmican, 1988), selection and the co-joining of spatial and non-
spatial features in an object representation depends upon an attentional 
window that selects locations frotn a featureless map of space. In the current 
paradigm, this would be expected to produce localised facilitation that is not 
specific to the feature pritned. Attention, directed to a location after a serial 
search would act to enhance the perceptual analysis of those features present at 
that location regardless of what they were. Although spatial attention may 
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have bound colour to a representation of the object at the attended location, 
colour changes (in the feature non-valid condition) would either have been 
in·elevant to spatially tnediated facilitation, or been incorporated into a 
dynamic object representation that groups features on the basis of location or 
the tetnporal spatial continuity between two objects at different (linked) 
locations rather than selecting locations on the basis of those features present 
(Kahnetnan et al, 1992)1• Once directed towards a location, ｴｨ･ｾ･ｦｯｲ･Ｌ＠ the 
localised attentional window should have facilitated the resolution of the target 
'T's orientation independently of the colour of the object in which it appeared. 
The reliable effect of colour congruence in the current experiment however, 
provides evidence that selection operates upon representations that incorporate 
and are jointly sensitive to the spatial and non-spatial properties of the 
intended target. 
The finding that feature-priming affects localised facilitation is consistent with 
models of attention that emphasise the role of feedback connections in 
carrying information about the identity of the target (what) to lower areas 
responsible for encoding location (where). Motivated by the need to explain 
how the organisation of objects in a scene can direct spatial attention, Kim and 
Cave (2001) suggested that location-independent object representations are 
able to trigger activation at locations that have features matching those of the 
selected object via feedback connections. These propagate from object 
1 Although early fonnulations of FIT emphasised feedforward infonnation from the master 
map of locations, later revisions have incorporated the possibility of feedback from parallel 
feature maps to the master map oflocations (i.e. Triesman, 1998). In this fonn FIT is 
consistent with our evidence for localised feature-based priming. 
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recognition areas to lower cortical areas where retinotopy is maintained. By 
gating information on the basis of higher order properties such as fonn, 
attention is able to influence local processing across tnultiple locations in a 
spatiotopic map. This allows non-spatial grouping principles such as comtnon 
colour, shape and motion to contribute to spatial effects in a system where top 
down and bottotn up factors interact to infonn object-based selection (i.e. 
Driver, 1995; Kanwisher & Driver, 1992). Evidence for feature-based 
selection among neurons encoding form across large areas of the visual field 
has cotne from a study by Chelazzi et al (1998). They used a central prime to 
cue the features of a peripherally located target and measured the responses of 
neurons in the inferior temporal lobe (IT) to the target and a non-primed 
distractor. IT is a high order area in the visual stream responsible for object 
recognition that has receptive fields that span large areas of the visual field and 
are selective for complex stimulus properties such as shape, colour and texture 
cotnbinations (Desimone, 1998). Chelazzi et al (1998) found that after an 
initial period where both the target and distractor produced equivalent 
activation ( ｾＲＰＰ＠ msec ), the neural response became selective, with increased 
activity among those cells representing the target and suppressed activity 
among those representing the distractor. Attention directed towards an 
object's features had, therefore, biased the initial parallel activation of several 
objects across a large area of the visual field in favour of a target defined by its 
non-spatial features. 
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Although the neural activation noted by Chelazzi et al (1998) was largely 
independent of the target's location, the fact that the task also required a 
saccade towards the selected object underlines the availability of spatial 
information in response to a feature-based prime. Goldberg (1996) 
investigated the effects of feature-based priming in the dorsal steam by 
measuring the response of cells in the intraparietal cortex (LIP) to targets 
primed by their identity. He found activation that was contingent upon the 
colour and shape of the target with LIP neurons responding to objects in their 
receptive fields only when they shared the same features as the cue. As LIP is 
a cortical area previously implicated in directing saccades towards locations 
encoded in retinotopic coordinates (e.g. Colby et al, 1996), Goldberg (1996) 
suggested this reflected a process where the ventral stream (what) told the 
dorsal (spatial) stream where to go. 
Informed by this data, Van der V elde and De Kamps (200 1) modelled an 
interactive account of attention that used object identity to select the location 
of pritned objects in retinotopic areas of the ventral stream. In their model, 
attention directed towards objects represented in IT independently of their 
location, produces feedback that catTies infotmation about the identity of the 
target to lower order ventral areas such as Vl. At the same titne, infotmation 
about the basic features in the array and their location is fed forward from 
early extrastriate areas where the topography of the retina is maintained (i.e. 
Vl and V2). The result is an interaction of feature and location dependent 
activity in mid order areas of the ventral stream between V2 and the posterior 
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inferotemporal cortex (PIT). Where there is a match between the top-down 
and bottotn-up signal, activation representing the target retnains uninhibited 
(biased). Where there is a mismatch, feature-based inhibition occurs at 
locations in a spatiotopic map occupied by objects that do not possess the 
selected target's features. According to this model, facilitated activity that 
represents the selected target is then transmitted to areas in the dorsal streatn 
that are responsible for transfotming it into the coordinate systems necessary 
to program actions such as saccades or manual reaches towards the target. 
The cunent data is consistent with models that emphasise the role of attention 
in conjoining spatial and non-spatial infotmation in the selection of visual 
objects. Taken together with previously reported location-based effects (see 
previous chapters), the current effect of colour priming provides evidence for 
selective mechanisms that jointly encode infotmation about location and 
identity. Like the study of Cepeda et al (1998), our findings suppo11 feature-
driven spatial attention that acts to inhibit perceptual processing at locations 
occupied by objects that do not possess the non-spatial feature primed. Our 
data also suggests that differences exist in the relative magnitude of facilitation 
and inhibition in egocentric and allocentric coordinates. For targets primed in 
egocentric coordinates, tnanipulating the validity of the prime predicting the 
object's colour produced benefits when the colour was valid but no costs 
where it was invalid. In the non-valid condition, reaction times were 
equivalent to those obtained in the absence of any cue (baseline condition). 
Inhibition of the target location in the non-valid condition, therefore, increased 
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reaction times to the same degree as spatial uncertainty in the absence of any 
cue. Inhibition when the object had a colour other than that cued in allocentric 
coordinates in contrast, produced performance (or interference) that was 
significantly worse that that in the baseline condition. One possible 
explanation for this difference lies in the distinction drawn between attention 
directed to separate objects and that directed to parts of a single object (i.e. 
Humphreys, 1998). In the allocentric condition, the relative location of each 
coloured object remains constant throughout the trial on feature-valid trials. 
Allocentric priming may, therefore, depend upon a distributed representation 
that encodes an object's features and the spatial relations between its 
components independently of where each falls on the retina. The disruption 
caused to this distributed representation when the continuity of these internal 
relations changes across space (as in the non-valid condition in allocentric 
coordinates) may be greater than that caused in the more localised case of the 
egocentric condition. In the latter, prhning is contingent upon a single feature 
at a single location. In the former, priming is contingent upon a representation 
that codes three features at three locations as well as the internal relations 
between them. The added computational detnands of allocentric localisation, 
may also explain the relative reduction in performance associated with 
priming in an allocentric compared to an egocentric coordinate (see Figures 
6.3a and 6.3b ). 
6. 7. Conclusion 
In conclusion, the cun-ent study provides evidence for localised facilitation in 
response to endogenous shifts of attention that is specific to the non-spatial 
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feature primed. This finding is consistent with 1nodels of attention that 
etnphasise the joint contribution of areas that code spatial and non-spatial 
information in the selection of visual targets. Rather than being allocated to 
unparsed segments of space, the data suggest attention is directed towards 
objects represented in a 'grouped spatial array' that is subject to both object-
based and location-based influences (Kramer & Jacobson, 1991; Lavie & 
Driver, 1996). The current results are also consistent with models that suggest 
relative facilitation is produced by feature-driven inhibition at those locations 
occupied by objects that do not possess the features pritned (i.e. Cave, 1999). 
Further more, the data provide evidence that feature-driven pritning occurs 
separately in both egocentric and allocentric coordinates. Although no 
qualitative difference in the nature of priming exists between these two, 
reliable differences were observed in the magnitude of facilitation and 
inhibition for targets localised in each coordinate frame. One possible reason 
for this difference is to the nature of representation involved. While feature-
based priming at an egocentric location requires the combination of a single 
feature at a single location, feature-based priming in allocentric coordinates 
may depend upon a distributed representation that has to combine multiple 
features at multiple locations. 
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Chapter 7 
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7.1. Chapter Aims 
Previous studies have suggested that attention can operate at two levels of 
spatial description: scene-based and object centred (Baylis & Driver, 1993; 
Humphreys, 1998; Tipper et al, 1999). The current chapter investigates the 
possibility that facilitation at the egocentric and allocentric coordinates of an 
endogenously cued object reflects these separate levels of spatial description 
by manipulating the way that objects in the display are grouped. Drawing 
upon evidence that attention differentially activates grouped and ungrouped 
objects (e.g. Donnelly et al, 1991; Kramer & Jacobson, 1991) pictorial cues 
were used to influence grouping in three conditions: (i) un-joined (ii), joined 
and (iii), enclosed. The data revealed no main effect of grouping although a 
small egocentric by grouping interaction was observed. An advantage in 
moving attention from the cued egocentric location in grouped compared to 
ungrouped displays was also evident. The results are interpreted as evidence 
for priming at the egocentric location that reflects the activation of objects 
localised in scene-based coordinates and priming at the allocentric coordinate 
that reflects the activation of an object's component parts in an object-centred 
frame of spatial representation. 
7 .2. Introduction 
7 .2.1. Scene-based and object-centred spatial coordinate frames: 
within and between-object representation 
Data fro1n the previous chapters suggests that attention can accrue to locations 
coded in at least two coordinate frames: egocentric and allocentric. Facilitation 
at the allocentric coordinate of a cued object occurs when the spatial 
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relationship between objects in the triad remains stable over time despite 
changes in the object's egocentric location. Egocentric facilitation in contrast, 
seems resistant to changes in the spatial relationships between the triad of 
objects and remains tied to a body-centred location irrespective of changes in 
the location of the other objects in the visual scene. This distinction is 
consistent with a previously reported but variously described distinction 
between attention that is directed towards separate objects and that directed 
towards the individual cotnponents of a single object (Behnnatm & Tipper, 
1999; Farah et al, 1990; Humphreys & Heinke, 1998; Umilta, 2000). Baylis 
and Driver (1993) for example, suggested that attention operates on locations 
that are ordered within a hierarchy of spatial descriptions. At the highest level, 
the locations of separate objects are represented in a scene-based description 
of the visual field. Subordinate to that, object-based mechanisms code the 
relative positions of the component parts that belong to each object at separate 
scene-based coordinates. Based on the finding that judgements about the 
relative locations of separate objects affect judgetnents about the relative 
location of parts within an object but not vice versa, Baylis and Driver (1993) 
argued that at the highest level of the hierarchy, within object descriptions are 
dependent upon the establishment of extetnal referents that code the super 
ordinate object's location relative to other objects in the visual scene. 
A fundamental attribute of Baylis and Driver's (1993) framework is the 
redefmition of the dissociation between what and where infotmation in the 
traditional characterisation of the ventral and dorsal visual processing streams 
(e.g. Mishkin et al., 1983). Rather than seeing the perceptual analysis 
associated with ventral areas as inherently non-spatial, Baylis and Driver 
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(1993, see also Farah et al, 1990) stress the importance of spatial information 
to the identification of different objects defmed by the relative location of their 
component parts (i.e. contours). According to their model, spatial infonnation 
is involved in the representation of 'what' and 'where,' with different neural 
circuits using spatial information at different levels of representation to 
accomplish the localisation of separate objects as well as the perceptual 
analysis of single objects. Attention is able to activate locations coded at both 
levels of spatial representation, with scene-based location analysers and 
object-centred identity analysers providing different spatial parameters for 
different behaviours and tasks. Importantly, though Baylis and Driver's 
(1993) framework is modular, the relationship between each level of spatial 
description is thought to be co-dependent rather than independent. Unlike 
contemporary biased cotnpetition models of attention (Desimone & Duncan, 
1995; Behrmann & Hamison, 1999), however, the reciprocity between 
different levels is constrained by the requiretnent that object-centred 
representations are always pre-etnpted by the localisation of separate objects in 
the visual scene. 
Tipper & Weaver (1998) also distinguish localisation that occurs in scene-
based and object-centred coordinates. Describing scene-based as a level of 
spatial description at which the location of separate objects is coded in body-
centred coordinates and object-centred as a level at which components of a 
single object are represented, Tipper and Weaver (1998) stress the spatia-
temporal attributes that differentiate the two. In scene-based coordinates, the 
location of separate objects is independent with each free to vaty while at the 
object-centred level of description, objects are represented in a format that 
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specifies the relative and unchanging locations of their cotnponent parts in a 
fixed spatial structural description. Like the framework proposed by Baylis 
and Driver (1993), this tnodel suggests that information at different levels of 
spatial description is used to provide parameters for different cotnputational 
detnands. Using the example of a pencil on a cluttered desk, Tipper et al 
(1999) distinguish the attentional processes used to program a reach to its 
location (scene-based) with those used to program the appropriate grasp 
aperture necessary to pick it up (object-centred). Unlike Baylis and Driver's 
(1993) framework, however, the model proposed by Tipper and his colleagues 
assumes no directional co dependence between object representation in scene-
based and object-centred coordinate fratnes. Instead, the computation (and 
activation) of locations in either frame is thought to be relatively independent. 
Humphreys (1998) also argues for a dual coding account of object 
representation. Drawing on Milner and Goodale's (1995) distinction between 
perception and action, Humphreys (1998) suggests that the representation of 
separate (between) objects is served by the spatial or 'where' dorsal pathway 
while the representation of separate within object (object-centred) descriptions 
is served by the ventral or 'what' pathway. Consistent with the frameworks 
above, Humphrey's (1998) dual coding account posits multiple levels. of 
spatial description that are instantiated by different neural circuits and , 
designed to infonn different types of action; in the case of between-objects 
(scene-based) representation navigation and action and in the case of the 
within-objects (object-centred) representation, object analysis and recognition. 
As with Tipper et al's (1999) account of multiple coordinate fratnes, 
Humphreys's (1998) fratnework assumes independent parallel processes rather 
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than a directionally constrained hierarchy. In this, parallel pre-attentive 
processes parse the visual scene at two different levels of spatial description 
with attention biasing the predominance of one level over another according to 
the demands of the task in question. Despite this independence of each, 
Humphrey's (1998) account also emphasises the reciprocity between the 
spatial and object-recognition systems. Attending to a particular object in 
scene-based coordinates, for example, is thought to lead to the co activation of 
the object-centred representation that is associated with the object at the 
selected body-centred coordinate (p. 179). 
7 .2.2. Empirical support for multiple levels of spatial description 
The data infonning the models described above have cotne from a number of 
studies. Various measures using both notmal and brain damaged populations 
have provided strong evidence that orienting attention to within and between 
object representations produces different patterns of activation (see Gilchrist et 
al, 1996; Mattingly et al, 1997 & Behrmann & Tipper, 1999 for 
neuropsychological data). Donnelly et al (1991) for example, found parallel 
search functions for (separate) conjunction eletnents when they could be 
grouped within an object on the basis of pictorial cues such as closure and 
continuation. When these cues were absent, slopes for the same (separate) 
conjunction elements were found to indicate serial search. Grouping had, 
therefore, affected the way attention was allocated to objects at two different 
levels of spatial description. Similarly, the influence of proximal distractors 
on target identification tasks has been shown to vary according to whether they 
appear on the satne or different objects. Fox (1998: Experiment 4) for 
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example, used four conditions to assess the interference produced by flankers 
in separate or joined objects when two different distances separated the 
objects. She found that both proximity and grouping (by way of a joining line) 
produced significant effects. Flanking distractors in the same object produced 
more response interference than flankers on separate objects independently of 
the spatial separation between them. (see also Kramer & Jacobson, 1991). 
Tipper et al (1999) also manipulated grouping by using lines to join separate 
objects in an investigation of scene-based and object-centred lOR. Using a 
display where three joined or separate objects rotated around a central object, 
Tipper et al (1999) found reliable inhibition for both grouped and ungrouped 
objects. More intriguingly, however, they found a difference in reaction times 
at the cued location (now occupied by a different object) that depended on the 
level of grouping. RT at the cued location for separate objects was inhibited 
while RT at the cued location for joined objects revealed facilitation 
(compared to aRT for targets in an uncued object at an uncued location). 
Tipper et al (1999) argued that this pattern of data reflected a fundamental 
difference in the way the perceptual systetn treats grouped and ungrouped 
objects. While the location of separate objects is important for the control of 
action, locations within an object need not be coded relative to the viewer to 
inform perceptual or motor actions that relate to the object itself. Instead, 
these are computed using the spatial parameters that specify the object's 
identity (rather than its location in body-centred coordinates). 
Although the studies cited above have all used adjoining lines to influence 
grouping (see Gibsen & Egeth, 1994 and Utnilta et al, 1995 for shnilar results 
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using a different paradigtn), other factors may influence the level of spatial 
description at which attention operates. Baylis and Driver (1989; 1992) for 
exatnple, report results in a search paradigm that are consistent with grouping 
on the basis of colour and common motion. These results may be particularly 
relevant to the prilning observed at the cued allocentric coordinate in the 
current thesis for triads that may already have been grouped by attributes such 
as their proximity and common motion. 
7 .3. Purpose of the current study 
The previous chapters have revealed a nutnber of differences in the occurrence 
and magnitude of priming in egocentric and allocentric coordinates. One 
possible explanation for this is that facilitation at the egocentric coordinate 
reflects the activation of separate objects whose locations are encoded at a 
scene-based level of description while facilitation at the allocentric coordinate 
reflects the activation of component parts within an object-centred description. 
The purpose of the current experiment was to investigate this possibility using 
pictorial cues to manipulate the degree to which objects in the triad were 
grouped. It was predicted that this would affect the magnitude of priming in 
each coordinate frame with grouped versus ungrouped objects producing an 
increase in facilitation at the allocentric coordinate of the primed object and a 
decrease in facilitation at the cued egocentric coordinate. To test this, the 
cunent experiment measured facilitation at the cued egocentric and allocentric 
coordinates for objects that were primed by their colour or shape in grouped 
and ungrouped displays. 
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7.4. Method 
Participants. Ten undergraduates from the University of Surrey participated 
in Experiments 7 and 8. All had normal or corrected to normal vision and 
received a course credit for their participation. 
Apparatus. The experiments used the apparatus detailed in Chapter 2. 
Stimuli. Experimental trials in both experiments were identical to those 
reported in Chapter 4 except for a modification designed to influence the way 
the triad of objects was grouped in three conditions (see Figure 7.1 and 7.2.). 
In the first (un-joined) condition, objects in the triad were presented separately 
as they had in the previous chapters. In the second Goined) condition, a single 
line joined the triad and in the third (enclosed) condition; a continuous line 
was used to surround the objects with a visual boundary (see Figures 7.1 and 
7.2.). In the joined condition, the objects were presented over a white line that 
coloured an arc joining the centre of the two outside objects and passed 
through the centre of the middle object in the triad in such a way that it was 
occluded as it passed behind each object. In the enclosed condition, a white 
boundary that consisted of four arcs was used to produce a banana shaped 
enclosure that sutTounded the triad of colour or shape-defined objects (see 
Figut·e 7.1 overleaf). 
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(lOOOmsec) 
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(lOOmsec) 
lSI 
(300msec) 
Targets 
(200msec) 
Time 
Figure 7.1. Sequence of events in an experimental trial for colour-defined objects. In the 
illustration, a valid trial at the enclosed level of grouping is shown in Experiment 7. In 
Experiment 8, shape-defined objects were used, with one a square, one a circle and one a 
cross. 
In order to manipulate the spatial relationship between the prime and the 
target, the same prime conditions that were used in the previous chapters were 
adopted. The location of the cued object varied so that the target appeared in 
an object that was validly cued in: (a) egocentric and allocentric coordinates 
(b); egocentric coordinates only (c), allocentric coordinates only or (d), neither 
coordinate frame (See Figure 7 .2. ). In each block, the order of presentation for 
prime conditions was randomly varied with each comprising 25% of the total 
176 trials. Participants completed one block at each level of grouping 
(unjoined, joined and enclosed) for each experiment (colour-and shape-defmed 
objects) with the order of presentation randomised between participants. 
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(a) Valid-prime (b) Egocentric 
(c) Allocentric (d) Non-valid 
Figure 7.2. Illustration of the four prime conditions in Experiment 7 at the joined level of 
grouping: (a) the target appears in the cued object at the cued egocentric and allocentric 
location (b), the target appears in the cued object at the cued egocentric location (c) the target 
appears in the cued object at the cued allocentric location and (d), the target appears in the 
cued object at an uncued location 
Procedure. The procedure followed was identical to that described in Chapter 
2. 
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7 .5. Results 
7.5 .1. Experiment 7 
Figure 7.3(a) and 7.3(b) illustrate the mean RT and mean percent correct for 
colour-defined objects in Experiment 7. 
Mean RT by Level of Grouping & Prime Condition 
600 
ｾ＠ 550 §. 
!ij 
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Non-valid 
l 1 ' o,r,ed 
Joined Bar Jomed Enclosed 
Allocentric Egocentric Valid 
Prime Condition 
Figure 7.3 (a) Mean RT is plotted for each level of grouping by each prime condition 
in Experiment 7. Error bars indicate 1 standard error. 
A three-way MANOV A for the colour-defined targets revealed significant 
effects of cuing in egocentric (F 2,8 = 230.105, p < 0.001), and allocentric (F 
2,8 = 29.225, p < 0.001), coordinates but no main effect of grouping (F 4,36 = 
1.182, p > 0.05). Two-way interactions showed a distinction between 
grouping and priming in egocentric and allocentric coordinates with the 
grouping by egocentric interaction term approaching significance (F 4,36 = 
2.464, p = 0.062) but not the prime by allocentric interaction term (F 4,36 = 
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0.0532, p > 0.05). The expected increase in the magnitude of allocentric 
priming for grouped objects, therefore, failed to appear. In fact, the opposite 
was true with the cuing of objects joined or enclosed producing significantly 
faster responses than ungrouped objects at the egocentric rather than 
allocentric location (univariate F 2,18 = 5.450, p = 0.014). 
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Figure 7.3 (b) Mean percent correct scores are plotted for each level of grouping by 
each prime condition in Experiment 7. Error bars indicate 1 standard error. 
Interestingly, the egocentric by allocentric interaction also reached statistical 
significance (F 2,8 = 13.630, p = 0.003), revealing a non-linear interaction 
between the two previously independent effects (see previous chapters). The 
three-way interaction between grouping, egocentric and allocentric priming, 
however, did not reach significance (F 4,36 = 2.122, p > 0.05). Despite the 
lack of any significant main effect of group or any interaction between the 
level of grouping and facilitation in allocentric coordinates, post hoc analysis 
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across the three levels of grouping within each prilne condition did reveal a 
significant improvement in RT at locations one away from the cued egocentric 
location for grouped Gained or enclosed) compared to ungrouped objects (p < 
0.05). This suggest that grouping did produce a small advantage in RT when 
attention had to be reoriented from the cued egocentric location to a location 
that was elsewhere in the triad for joined or enclosed objects. A similar effect 
in the percent correct scores (see Figure 7 .3b) was also evident although its 
small size and the variability in the data rendered it statistically insignificant. 
7.5.2. Experiment 8 
Figures 7.4 (a) and (b) overleaf illustrate mean RT and percent correct scores 
for shape-defined objects in Experitnent 8. 
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Figure 7.4 (a) Mean RT (b) Mean percent correct scores are plotted for each level of 
grouping by each prime condition in Experiment 8. Error bars indicate 1 standard 
error. 
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The three-way MANOV A for shape-defined objects also revealed significant 
effects of cueing at the cued egocentric (F 2,8 = 56.472, p < 0.001) and 
allocentric (F 2,8 = 10.591, p < 0.001) coordinates as well as a lack of any 
main effect of grouping (F 4,36 = 0.816, p > 0.05). As with colour-defined 
objects, the grouping by egocentric interaction (F 4,36 = 2.486, p = 0.061) tenn 
approached significance while the grouping by allocentric interaction (F 4,36 = 
0.236 p > 0.05) did not. Although the multivariate egocentric by allocentric 
interaction was not reliable for shape-defined objects (F 2,8 = 3.341, p > 0.05), 
univariate analysis revealed a significant egocentric by allocentric interaction 
in the percent correct scores (F 1,9 = 6.957, p = 0.027) but not the RT data (F 1,9 
= 0.589, p > 0.05). Post hoc analysis across the three levels of grouping within 
each prime condition revealed no significant differences between the mean RT 
or the percent correct scores (p > 0.05). 
7 .6. Discussion 
The pattern of data for shape and colour defined targets is consistent with that -
reported in the previous chapters of this thesis. Priming at the egocentric 
location was reliable across both experiments while priming at the allocentric 
coordinate produced effects that were stnaller for shape than for colour-
defined objects. Manipulating grouping via pictorial cues (joining and 
enclosing lines), however, produced no tnain effect for shape or colour defined 
stilnuli. More interestingly, the lack of any grouping by allocentric interaction 
shows that there was no increase in prilning at the allocentric coordinate for 
grouped compared to ungrouped objects. This null result is surprising given 
previous evidence for attentional effects at two levels of spatial description for 
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separate objects and those grouped by a single adjoining line (e.g. Behrmann 
& Tipper, 1999; Fox, 1998; Tipper et al, 1999). 
One potential explanation for this lack of effect is that the allocentric effect 
observed in the ungrouped conditions of this and previous experiments reflects 
prhning that is already associated with an object-centred representation. 
Previous research has shown that cotnmon motion exetis a powerful influence 
on grouping (e.g.Baylis and Driver, 1989: Kingstone & Bischof, 1999) while 
its disruption reduces inhibition associated with individual elements within a 
display (Tipper & Weaver, 1998). If the triad in the allocentric condition was 
already grouped on the basis of common motion and proximity, any additional 
influence exerted by the adjoining or enclosing lines on grouping tnay have 
been tninitnal. The lack of any interaction between type of grouping and 
prhning in allocentric coordinates may, therefore, reflect a ceiling effect on 
grouping atnong the triad rather than the absence of priming in object-centred 
coordinates. 
Although the grouping by allocentric interaction was insignificant, other 
aspects of the data support the influence of object-centred effects in the current 
study. Post-hoc analyses for exatnple, reveal a significant difference in the 
speed that attention can be reallocated to a location one away from the cued 
egocentric coordinate for grouped cotnpared to ungrouped objects. When .the 
objects are grouped either by an adjoining or enclosing line, responses to 
targets at the cued allocentric or an uncued location are faster than those to 
targets at the satne locations in ungrouped triads (for colour defined stimuli; 
Figure 7.3a). This single versus tnultiple object advantage is consistent with 
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previous evidence that demonstrates different patterns of activation when 
attention is allocated to individual (separate) objects and individual elements 
within a single object (Duncan, 1984; Egly et al, 1994; Kratner & Jacobson, 
1991; Vecera & Farah, 1994). 
The data is also consistent with an unpublished finding reported by Tipper and 
Weaver (1998) who found faster RT when the boxes in their display were 
joined cotnpared to when they were un joined (pp. 95). The data, therefore, 
support some enhancetnent in grouping as a · function of the adjoining and 
enclosing lines as well as a change in the pattetn of activation within grouped 
and ungrouped objects. The fact that this small advantage was only evident 
for colour-defined objects supports the suggestion that the salience of the 
feature (s) that differentiates each object is important for grouping mechanisms 
as well as the possibility that the triad had already been grouped on the basis 
of proximity and common motion. One-way to test this possibility would be 
to disrupt cotnmon motion using different motion parameters for each object 
in the triad over time (see Tipper & Weaver 1998 for an example of this 
manipulation). In the absence of such data, however, it is suggested that the 
current result reflects grouping on the basis of proximity and common motion 
that reduced the effectiveness of the pictorial cues used by biasing the 
allocation of attention to objects that were already represented in object-
centred coordinates. 
The reliable interaction between the level of grouping and facilitation at the 
cued egocentric coordinate in the current study provides a second surprising 
result. This suggests that bottom-up features, which encourage perceptual 
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grouping also facilitate attention at the cued egocentric coordinate (rather than 
the allocentric coordinate as expected). This interpretation is consistent with 
the hierarchical model proposed by Baylis and Driver (1993) in which object-
centred representation is always preceded by the localisation of separate 
objects in a scene-based spatial description. The fact that a reliable egocentric 
by allocentric interaction occun-ed for the first time using grouped stimuli also 
lends support to this assertion (multivariate and univariate egocentric 
allocenttic interactions in Experitnents 7 and 8 respectively). When attention 
is oriented towards the egocentric location of a grouped aiTay, the locus of 
facilitation and its movement across the object is influenced by the object's 
egocentric location as well as the internal spatial description that specifies the 
relative position of each component part. 
The interaction between priming at the egocentric and allocentric coordinate 
emphasises the reciprocity between the two levels of spatial description rather 
than the independence suggested by Tipper et al (1999). Using the pencil 
analogy for example, it is possible that infotmation about the scene-based 
coordinate is used to program the grasp as well as the reach, with information 
about the appropriate grip aperture (i.e. the distance between cotnponent pat1s) 
infotmed partly by scaling the pencil's size on the basis of its retinal ｩｴｮｾｧ･＠
(and its location in egocentric coordinates). Importantly, this reciprocity does 
not preclude the existence of independent representations or the utilisation of 
information at different levels of description for different computational 
demands. Rather, it suggests that the allocation of attention is constrained by 
information at both levels of spatial description with the ascendancy of any 
one, as well as the amount of cross talk between thetn, varying according to 
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stimulus parameters and the demands of the task. In this case, the dissociation 
between location-based lOR and facilitation in Tipper et al's (1999) 
experiment for grouped and ungrouped objects tnay have reflected 
interdependence rather than independence between the two levels of spatial 
description. Features in the image that emphasised the grouping of the three 
objects may have biased activation towards an object-centred coordinate 
frame, which reduced activation at the cued location in scene-based 
coordinates. Conversely, when attention was allocated to ungrouped locations, 
activation was associated with the cued location and the cued object as it 
moved in a scene-based description of the visual field. Biasing attention 
towards one level of spatial description, therefore, may have resulted in the 
relative suppression of activation at the other level of spatial description via 
connections between the two in a competitive neural architecture (e.g. Duncan, 
1996). 
7.9. Conclusion 
The current chapter sought to investigate the effect of grouping via pictorial 
cues on priming in egocentric and allocentric coordinates. The results 
replicate previous evidence for pritning in two separate coordinate frames for 
both joined and un-joined objects. Differences in the pattern of data for joined 
and un-joined objects suggest that grouping did affect the way information 
coded in egocentric and allocentric coordinate fratnes combined at the cued 
egocentric coordinate as well as revealing an object-based (grouped) 
advantage in reallocating attention within the triad of objects. Shifts of 
attention frotn the cued egocentric location were faster when the objects were 
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grouped with an adjoining or enclosing line than when they were separate. 
The lack of any main effect or interaction between grouping and priming in an 
allocenh·ic coordinate suggests that the triad of ungrouped objects may already 
have been treated as a perceptual group at one level of spatial description. 
This interpretation of the data is consistent with the distinction previously 
drawn between scene-based and object-cenh·ed coordinate frames of spatial 
reference (Baylis & Driver, 1993, Humphreys, 1998; Tipper et al., 1999). 
According to this, priming at the egocentric coordinate that is independent of 
the spatial relations between separate objects reflects activation in a scene-
based coordinate frame. Priming at the allocentric coordinate, which is 
sensitive to the relative location of objects within the grouped triad (see 
Chapter 6), reflects localisation in an object-centred coordinate frame. The 
coexistence of these effects supports the operation of attention at multiple 
levels of spatial description in a sche1ne in which selection operates by biasing 
the activation of localised objects in both scene-based and object centred 
coordinates (e.g Duncan, 1996; Chelazzi, 1999). 
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Chapter 8 
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8.1. Chapter aims 
The data in the previous chapters are consistent with attentional mechanisms 
that select the scene-based location of objects in egocentric coordinates. The 
data also provide evidence for facilitation at the allocentric (object-centred) 
coordinate of a primed object although this is stnaller in magnitude than that 
observed at the egocentric location. Unlike egocentric priming, allocentric 
priming seems contingent upon stimulus attributes such as the salience of 
features that individuate separate objects in the visual field and the 
requirement that the spatial relations between separate objects (or components) 
remain fixed over time. In addition to priming in these two coordinate fratnes, 
previous experitnents have also revealed inhibition that is associated with 
dynamic objects independently of the egocentric and allocentric location at 
which they were cued. (e.g. Tipper & Weaver, 1998). The current chapter 
investigates the role of velocity in this 'object-based' pritning and the nature of 
spatial representation underlying it. Experiment 9 modifies the paradigm 
reported in Chapter 5 by contrasting allocentric priming for cued objects using 
2-frame and multi-frame motion sequences. Experiment 10 investigates the 
spatial-temporal character of object-based priming using a separate paradigm 
that varies the velocity at which primed objects tnove across the visual field. 
The results of experiment 9 demonstrate facilitation that is associated with a 
slowly tnoving object while experiment 10 provides evidence that this type of 
priming is constrained by spatial-temporal paratneters. The results are 
discussed in terms of the underlying representation activated by attention and 
the distinction between object-based attention and spatial selection that 
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operates via a tetnporally constrained dynamic updating of successive 
locations. 
8.2. Introduction 
8.2.1. Selective attention and the co activation of spatial and non-
spatial information 
The empirical work reported in the current thesis provides evidence that 
priming facilitates discrilnination performance in at least two coordinate 
frames: egocentric and allocentric. Attention oriented towards an object or 
location, produces robust facilitation at the egocentric location of the target . 
regardless of the way attention is oriented to objects that may or tnay not be 
differentiated by non-spatial attributes such as their colour or shape. When the 
primed object has tnoved frotn the primed egocentric location, facilitation can 
also occur in allocentric coordinates. In this case, facilitation seems dependent 
upon the salience of non-spatial attributes that distinguish separate objects or 
the component parts of a single object in the display as well as their spatial 
structure over time. Despite this distinction, data from Chapters 6 and 7 
suggest priming in either fi·ame cannot be described as purely spatial or object-
based. Localised priming in both fratnes is sensitive to the non-spatial 
attributes of objects at the primed location although the relative importance of 
non-spatial information in each may differ. Where non-spatial information 
seems necessary for allocentric priming, non-spatial information may not be 
necessary to activate a body-centred coordinate that can be represented 
independently of non-spatial infotmation when this is either unavailable or 
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uninfonnative1• When both types of infotmation exist, attention activates both 
object features and their locations in both coordinate frames. This patte1n of 
data is inconsistent with pure space or object-based accounts of attention and 
supports selective mechanistns that activate representations combining spatial 
and non-spatial information at locations in either frame of reference. 
8.2.2. Separate location and object-based mechanisms in lOR 
Although this hybrid account argues against a strict separation of spatial and 
object-based processes, a number of researchers have produced results that 
support such a distinction when attention is directed towards slow2 moving 
objects. Tipper et al (1991) for example, adapted Posner and Cohen's original 
procedure to investigate lOR associated with moving objects rather than the 
location they were cued. Their display consisted of three objects, one central . 
and two peripheral, both equidistant fro1n the central object and presented on 
an axis passing through it. Using a double cue paradig1n to draw attention 
towards one of the peripheral objects and then back to the central object, 
Tipper et al (1991) disambiguated lOR at the location at which the object was 
cued with that associated with the object by slowly moving the cued object 
through 180 degrees. They were then able to contrast RT for targets presented 
in uncued objects at the cued location with those presented in cued objects at 
the uncued location. Their analysis revealed longer RT to targets presented in 
1 In the current paradigm, attention is always oriented towards an object rather than an empty 
. location allowing both feature based and spatial information to interact during primip.g at the 
egocentric location even when the target is undifferentiated from other objects in the scene by 
colour or shape (e.g. Egly et al, 1994). 
2 The tenn slow is used here to describe continuous movement of a visible object between two 
locations and is contrasted with fast motion which describes the instantaneous movement of an 
object that does not appear at intennediary locations between its start and end positions. 
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the cued object (at the uncued location) than those presented to the cued 
location (in w1cued objects), demonstrating inhibition that moved with the 
cued object rather than being tied to the location it was cued. In an extension 
of the above experiment, Tipper et al (1999) used a display with three 
differently coloured peripheral objects to contrast lOR across three conditions 
for objects that moved through 120° of rotation. Targets could be presented in 
an uncued object at the cued location, the cued object at an uncued location or 
an uncued object at an uncued location. 
Analysis for this experiment revealed both object and location-based lOR with 
RT for targets in the cued object as well as those at the cued location greater 
than those for targets in the uncued object at an uncued location. Tipper et al 
(1994) interpreted these results as evidence for lOR in two separate coordinate 
fratnes. lOR associated with the moving object was thought to reflect 
inhibitory mechanisms that operated upon object-based representations rather 
than a purely spatial representation of the visual field. lOR that persisted at 
the primed location even when the cued object had moved in contrast was 
thought to reflect a purely spatial effect that was independent of the cued 
object and its associated non-spatial features. Thus, their interpretation 
distinguished between attention directed towards locations (rather than 
objects) and that directed towards objects despite changes in their location. 
Interestingly, the sum of the inhibitory effect associated with the cued object 
and location when these were disambiguated in moving displays equalled that 
observed in experiments where static targets confounded the two effects at a 
single location (Tipper & Weaver, 1998) supporting the existence of separate 
but additive processes that operate at distinctive levels of representation. 
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8.2.3. Separate location and object-based facilitation 
Although best documented in the lOR literature, researchers investigating 
facilitation in response to exogenous and endogenous cues have also reported 
dissociations between location and object-based attention. Lamy and Tsal 
(2000; Experiments 1 & 2) for example, used a display containing two objects 
that differed in colour and form to disambiguate priming at the location of a 
cued object with that associated with the cued object's features. On each trial, 
a peripheral cue was used to orient attention to the location of one of the 
objects. Both objects either remained in their respective positions (on either 
side or above and below the central fixation) or switched places so that the 
cued object moved to occupy the uncued location. Switches occurred on half 
of all trials and were either instantaneous, following an lSI of 150 milliseconds 
in which they disappeared, or occurred slowly throughout the lSI, with the 
objects remaining visible and moving smoothly between the two locations. 
On trials where the switch was instantaneous, RTs were fastest to targets 
appearing at the cued location despite the fact that these were presented within 
an uncued object. When the objects switched position slowly, however, 
facilitation was associated with the cued object rather than the cued location, 
with RT to targets presented in the cued object at the uncued location faster 
than those presented to the uncued object at the cued location. Thus, the type 
of motion seemed to affect the type of representation selected by attention. 
When the cued object moved very fast, facilitation was location-based and 
when it moved slowly, facilitation was ｯ｢ｪ･｣ｴＭ｢｡ｳ･､ｾ＠ moving with the cued 
object rather than being tied to the cued location. 
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Schendel et al (2001) also repott a dissociation between location and object-
based attention in an experitnent designed to investigate the role of objects in 
guiding the exogenous allocation of attention. Using a peripheral cue to prime 
the location of one of two objects in the scene, Schendel et al (200 1) sought to 
isolate object-based from space-based effects by comparing RT to targets that 
appeared at the cued location when they were presented within a cued and an 
uncued object (shape). In conditions where a shott SOA separated the onset of 
the cue frotn the targets, localised facilitation was observed independently of 
the object at the cued location. At longer SOAs (425 & 725 msec), changes in 
the shape of the objects at the cued location did affect response times with 
object-based facilitation over and above localised effects observed when 
changes in the display drew attention to the object's shape. In this case, 
priming at the location of the cue was sensitive to the validity of the primed 
feature (shape), producing object-based facilitation rather than location-based 
lOR at the cued location. This dissociation of effects at the two SOAs 
provides evidence for a separate and late acting component of object-based 
facilitation at the cued coordinate when attention is allocated there in response 
to a peripheral cue. 
8.2.4. Separate, conjoined or· both? 
At first glance, these dissociations between space and object-based attention 
seem inconsistent with selective mechanisms that operate upon representations 
that conjoin spatial and non-spatial (object-based) infotmation. The argument 
forwarded in the current thesis, however, is not that attention always 
incorporates non-spatial information (there is ample evidence of purely spatial 
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effects in the literature), but that where both spatial and non-spatial 
information are salient, selective mechanisms utilise both to activate a 
localised representation of the selected object's features. Differences between 
the results described in 8.3 and 8.4 and those in the cun·ent thesis, however, 
suggest that under cet1ain conditions the integration of spatial and non-spatial 
information breaks down into its constituent location and object-based 
components. In Schendel et al's (2001) experiment for exatnple, object-based 
effects were only observed when changes in the shape of objects in the display 
provided an additional source of information to distinguish cued and uncued 
objects at the selected location when a long SOA was used. This suggests the 
additional object-based component of priming at the cued location is 
dependent upon the salience of non-spatial infotmation to the task as well as 
the temporal parameters involved. While the initial allocation of spatial 
attention may be constrained by contours in the scene (see Stuart et al, 1997), 
the identity of objects formed by features in the scene only influences selection 
after a period of about 150 milliseconds (Egly et al, 1994; Schendel et al, 
2001 ). Consistent with the idea that attention biases activations across 
numerous cortical maps (e.g. Duncan et al, 1997), attentional capture at a 
location by an exogenous cue leads to activation that biases not only the 
location, but those objects present at that location when their features are both 
salient and relevant to the task (see also Downing, 2001). 
The dissociation between location and object-based attention in Lamy and 
Tsal's (2000) experiment may also be explained in part by the temporal 
parameters they employed. Location-based facilitation was observed 
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independently of the object's shape in displays in which both objects 
disappeared once they had been primed. When both objects remained visible 
throughout the lSI (e.g. after priming), facilitation was associated with the 
cued object rather than the cued location. Differences in the type of tnotion 
etnployed were, therefore, confounded by differences in the temporal 
parameters of display. 
The work of Tipper et al (1991; 1994; 1999), however, provides evidence of a 
dissociation between location and space-based lOR that cannot be explained 
by the temporal parameters of the display. Unlike Tsal and Lamy (2000), 
Tipper and his colleagues (1994; 1999) used displays where each object 
remained visible throughout the duration of each trial in experitnents where 
colour differences and the temporal parameters used would be expected to 
support the integration of non-spatial information at the cued location. The 
dissociations observed in their experiments, therefore, suggest that the 
integration of spatial and object-based components may be uniquely distupted 
when attention is directed towards slow moving as opposed to static or fast 
moving stimuli. This in turn suggests that the relative contribution of each 
cotnponent and the way they interact may be determined by the spatia-
temporal parameters of objects in the display. 
8.3. Purpose of the current study 
The purpose of the current chapter is to investigate object-based attention and 
the potential distinction in the nature of spatial representation underlying 
static, fast and slow moving objects. Experiment 9 is designed to contrast 
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localised facilitation in egocentric and allocentric coordinates with that 
associated with a slowly moving object. Experitnent 10 is designed to finther 
specify this distinction by manipulating the spatio-tetnporal parameters of 
objects primed by their features and investigating the nature of facilitation 
associated with both the object and the location cued. 
8.4. Experiment 9 
8.4.1. Method 
Participants. Ten postgraduate students from the University of Surrey 
participated in Experitnent 9. All had normal or corrected to normal vision. 
Apparatus. Both Experiments utilised the apparatus detailed in Chapter 2. 
Stimuli. Experiment 9 adopted displays identical to those used in Chapter 4. 
Experiment 9a used colour-defined objects and Experiment 9b used shape-
defined objects (see Chapter 4 Methods Section for a full description of each). 
Cue-target onset asynchrony was set at 400 milliseconds in both experiments 
with a central cue presented for 100 milliseconds and an inter-stimulus interval 
of300 milliseconds (Figure 8.1). 
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Fixation 1 
(1000 msec) 
Prime 
(100 msec) 
Targets 
(200 msec) 
Time 
Mask 
(500 msec) 
Figure 8.1. Illustration of the sequence of events during a trial in Experiment 9b. In 
Experiment 9a, each object was circular and each had a different colour; one red, one green 
and one blue. In Experiment 9b, shape-defined objects were all coloured white. 
In order to investigate the effect of motion on allocentric priming, Experiment 
9a and 9b used three conditions to contrast the effects of priming at the cued 
coordinate as a function of the type of movement adopted (see Figure 8.2). In 
the valid condition, objects in the display remained static between priming and 
the presentation of discrimination targets so the location of the primed object 
remained the same in both egocentric and allocentric coordinates. In the 
allocentric conditions, the display was randomly shifted one item to the left or 
right so that the primed object occupied a different location on the screen but 
remained at the same location relative to other objects in the display (e.g. left, 
right or middle). 
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Target 
(a) Valid (b) All acentric 
Figure 8.2. Illustrates the valid and allocentric conditions in Experiment 9b. In the valid 
condition, there was no motion in the display and the primed object's location remained 
constant in egocentric and allocentric coordinates. In the allocentric conditions, the primed 
object moved to a different egocentric location but occupied the same location in the display. 
Movement in the allocentric conditions was varied using two velocities: two-frame (2F) and 
30-frame (MF). 
To ensure maximum allocentric priming, the global configuration of the 
display (i.e. the relative position of the three objects) also remained constant 
throughout each trial. In the two-frame (2F) condition, the display was 
displaced 45 degrees between the last two frames of the lSI, producing the 
perception of instantaneous movement. In the multi-frame (MF) condition, the 
display was displaced 1.5 degrees on each of 30 consecutive frames 
throughout the lSI, producing what looked like a smooth arc of continuous 
motion over 45 degrees for the whole display. At this velocity (17.8 degrees/ 
second), objects would have travelled 150 degrees a second around the 
circumference of the virtual circle on which the targets were placed. In each 
case, (2F & MF) the final displacement of 45 degrees for targets that were 
stationary at the time of priming remained the same, as did the stimulus onset 
asynchrony between the appearance of the prime and the presentation of target 
in the cued object. The order of presentation for valid, 2F and MF allocentric 
trials and the colour or shape of the cued target was randomly varied within 
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the experimental block. Valid, 2F and MF allocentric trials each comprised 
33.3% of the total number with each condition containing 100 trials. After 
practice, participants cotnpleted one experimental block for colour and one for 
shape-defined objects with the order of presentation counterbalanced between 
subjects. 
Procedure. The procedure was identical to that described in the Chapter 2. 
8.4.2. Results 
Figure 8.3 (a) RT data and (b) percent correct scores are plotted overleaf for 
colour and shape-defined objects across the three prime conditions; valid, 2F 
and MF. Separate one-way MANOV As yielded significant effects of prime 
condition for both colour-defined (F 4•36 = 7.008, p < 0.001) and shape-defined 
objects (F 4,36 = 7.057, p < 0.001). Post-hoc comparisons for colour-defined 
objects ( oc = 0.05) showed that RTs to targets in the 2F allocentric condition 
were significantly slower than those in the valid and MF allocentric 
conditions. Differences between the valid and MF allocentric did not reach 
statistical significant (see Figure 8.3a). A similar disadvantage in percent 
correct scores for targets in the 2F allocentric condition was also observed 
with post-hoc comparisons revealing a significant (oc = 0.05) reduction in 
accuracy in the 2F allocentric condition compared to the valid condition. The 
difference between the 2F and MF conditions for percent correct scores, 
however, did not reach statistical significance (see Figure 8.3b). 
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Figure 8.3(a). Mean RT and (b) Mean percent correct scores are plotted for colour and shape-
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Post-hoc comparisons for the shape-defined objects revealed a similar pattern 
of data. RT's were significantly lower and percent conect scores significantly 
higher for targets in the valid and MF allocentric conditions compared to the 
2F allocentric condition while performance in the former conditions did not 
differ significantly on .either measure (oc = 0.05. See Figure 8.3a & 8.3b 
respectively). The data, therefore, support priming for slow moving objects 
that is associated with the moving object rather than the location at which it 
was primed. The lack of any significant difference between the valid and MF 
allocentric condition for both colour and shape-defined stimuli also 
demonstrates object-based facilitation in the MF condition that is comparable 
to that observed in the valid condition where the position of the primed object 
remained constant in egocentric and allocentric coordinates. 
8.4.3. Discussion 
Data from the previous chapters has shown that the magnitude of facilitation 
associated with objects in egocentric and allocentric coordinates varies. 
Priming at the egocentric coordinate of a cued object produces reliably faster 
and more accurate responses than that at the allocentric location. The results 
of Experiment 9 support object-based selection where pritning associated with 
the moving object is equivalent to that at the cued egocentric location in static 
displays. This suggests that spatio-temporal parameters play an important role 
in the way attention is allocated to the location of objects in the visual field. 
When objects move in such a way that their spatio-temporal continuity is 
distupted (as in the 2F condition), priming occurs in an allocentric coordinate 
frame that codes the relative location of different objects (or their components) 
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independently of their egocentric location (see chapter 7). When visual 
objects move slowly from the cued location, the lack of difference between the 
MF and valid conditions suggests slow moving targets enable selective 
mechanisms that update the egocentric location of a moving object, thereby 
maximising priming associated with the object rather than the location it was 
cued. In this case, previous evidence for object-based effects (Lamy & Tsal, 
2000; Tipper et al, 1991: 1994; 1999; Ro & Rafal, 1999) may reflect the 
allocation of feature-based attention to the successive locations occupied by a 
cued object rather than the allocation of attention to object-based 
representations that are independent of the object's location. By not appealing 
to a qualitatively different type of representation (e.g. spatially invariant), this 
interpretation is consistent with the evidence in previous chapters for the joint 
influence of location and object-based processes in the activation of localised 
object representations. 
The possibility that the type of motion underlies the difference in priming 
between the allocentric conditions in Experiment 9 is supported by a series of 
experiments conducted by Kahneman et al (1992). They proposed a model of 
attention in which attention was directed towards object files, accessed by a 
particular location at any one time and incorporating infotmation about the 
non-spatial attributes of any object present. According to this model, once an 
object file has been activated by attention, a process of retrieval speeds up or 
impedes identification when changes in the object's location fall within the 
spatio-temporal parameters that constrain the plausible continuity of the cued 
object. When an object's tnotion falls outside these parameters (e.g. its new 
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location is incotnpatible with the time interval or previous trajectory), attention 
is required to activate a new object file, increasing the time taken to report 
non-spatial attributes associated with the 'new' object. Although the emphasis 
on location as the locus of selection is not strictly compatible with the 
emphasis on an interaction between spatial and non-spatial selection in the 
cunent thesis, Kahneman et al's (1992) results do stress the importance of 
spatia-temporal continuity on the allocation of attention to moving objects. In 
particular, their finding that preview effects (faster letter discrimination when 
targets appeared in the same compared to different objects dm·ing the preview 
and target displays) varied as a function of the speed at which the objects 
moved, supports the existence of a spatio-temporal constraint on priming that 
is associated with an object as it moves through space. 
Experiment 10 is designed to investigate two aspects of the object-based effect 
observed in experiment 9. First, the experiment manipulates the velocity of 
endogenously cued objects in order to contrast priming associated with objects 
travelling at different speeds. If object-based pritning is contingent upon the 
spatia-temporal character of the display (e.g. Kahneman et al, 1992), object-
based facilitation might be expected to be reduced when the velocity of motion 
perturbs the continuity of objects that move from the location they were cued. 
Conversely at slower velocities when the spatial conespondence of the cued 
object between motion fratnes is more easily discetned, facilitation associated 
with the moving object should be maximised. Second, the experiment 
investigates whether priming associated with the cued location and the moving 
object is sensitive to the non-spatial attributes primed. This is designed to 
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investigate the inconsistency between localised facilitation that is sensitive to 
the non-spatial feature primed (chapter 6) and previous evidence for object-
based priming that is independent of the cued object's location (Tipper et al, 
1994) and location-based pritning that is independent of the cued object's 
features (Kahneman et al, 1992). Accordingly, the experiment is designed not 
only to measure facilitation as a function of object velocity, but also to 
disambiguate potentially separate effects that are associated with both the cued 
location and the cued object independently of where it was cued. 
8.5. Experiment 10 
8.5.1. Method 
Participants. Eight undergraduates from the University of Surrey participated 
in the experiment. All had normal or corrected to nonnal vision and received 
a course credit for their participation. 
Apparatus. The experiment was itnplemented with custom software and used 
the apparatus detailed in Chapter 2. 
Stimuli. Figure 8.4 illustrates the sequence of events for trials in Experiment 
10. Initially, a single fixation point was presented to the middle of the screen 
along with two objects. One object was a red square and the other a green 
circle. This combination of colour and shape was designed to maximise the 
utility of the feature-based component of object-based priming by emphasising 
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the non-spatial characteristics that differentiated each object in the display 
independently of its spatial location. 
Fixation 
(1000 msec) 
Prime 
(100 msec) 
lSI 
(300 msec) 
Targets 
(200 msec) 
Blank 
(until response) 
Figure 8.4. Sequence of events in an experimental trial. Motion sequences occurred during 
the lSI. 
Objects both subtended a visual angle of 1. 76 degrees with one presented 
above ( 4 degrees) to the right and the other above and to the left of the fixation 
at a horizontal eccentricity of9.8 degrees (as with the previous experiments, a 
viewing distance of 650mm was used). On each trial, the location of either 
object (left or right) was randomly assigned. After 1000 milliseconds, a 
central cue that primed the colour and shape of one of the objects was 
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presented in the centre of the screen so that it occluded the fixation point. 
Pritnes subtended 1.65 degrees of visual angle and were presented to the 
screen for 100 tnilliseconds. 
Once the prime had been presented, both objects in the display were tnoved at 
one of four velocities to a location directly above the fixation where, 
depending upon the condition, they either reversed their direction of motion 
and moved back to their starting position or carried on to arrive at the position 
opposite to the one at which they started (see Figure 8.5). Three hundred 
milliseconds after the disappearance of the prime, two 'T' shape 
discrimination targets were presented, one within each of the objects in the 
display. Discritnination targets were coloured white and subtended 1.5 
degrees of visual angle. On 68% of trials, the 'T' shape in the primed object 
was oriented at± 90° from vertical while the 'T' shape in the distractor object 
was either upright or oriented 180° from vertical. On the remaining 32% of 
trials, this pattern of allocation was reversed. The respondent's task was to 
repott the orientation of the 'T' oriented at ± 90° in the display using a two-
button response box. After 200 milliseconds the screen was blanked until a 
response had been recorded. If a response was recorded within 500 
milliseconds of the targets elapsing, the screen remained ｢ｬｾｮｫ＠ for another 500 
milliseconds before the next trial began. Otherwise, the participant's response 
initiated the next trial after a period of 250 milliseconds. 
To manipulate the spatial and non-spatial relationship between the prhned 
object when it was cued and when the discrimination target was presented, 
four different conditions were used (see Figure 8.5a and 8.5b ). 
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OSLS 
OSLD 
OSLS. The primed object moves to the 
centre and then returns to its original 
(cued) position. 
OSLD. The primed object moves 
through the centre and beyond to 
occupy the position opposite to that at 
which it was cued. 
Figure 8.5a. Illustrates the spatial 
relationship between the primed object 
at the time of priming and at the time 
of target presentation for objects 
validly cued by their features 
In the object same, location same (OSLS) condition, the target ('T' oriented ± 
90°) was presented within the cued object, which moved back from the centre 
point to occupy the same screen position that it had done at the time of cueing. 
In the object same, location same (OSLS) condition, the target was presented 
within the cued object when the object had moved to occupy the location on 
the screen opposite to that at which it had been primed (Figure 8.5a). 
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ODLS 
ODLD 
ODLS. The uncued object moves 
through the centre to occupy the 
position originally occupied by the 
primed object so that the target appears 
in the uncued object at the cued 
location 
ODLD. The primed object moves to 
the centre and then returns to its 
original position with the target 
appearing in the uncued object at the 
uncued location. 
Figure 8.Sb. Illustrates the spatial 
relationship between the primed object 
at the time of cueing and at the time of 
target presentation for objects invalidly 
cued by their features 
In the object different, locations same (ODLS) condition, the target was 
presented to the object that had not been cued when it had moved to the 
location occupied by the cued object at the time of priming and in the object 
different, location different (ODLD) condition, the target was presented in the 
object that had not been cued when it had moved to the location opposite that 
occupied by the cued object at the time of priming (Figure 8.5b ). The OSLS 
and OSLD conditions were designed specifically to disambiguate the 
contribution of location-based and object-based priming for a dynamic object 
cued by non-spatial attributes. In addition, the ODLS and ODLD allowed the 
contribution of any residual location-based effect at the location of the cued 
object to be assessed. Importantly, the designed also maximised the 
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contribution of object-based priming, as the end point of each object was 
ambiguous when motion in isolation from the object's features was used to 
track the cued object's trajectory. 
As well as varying the spatial validity of a dynamic object cued by a valid or 
invalid combination of non-spatial features, Experiment 10 was designed to 
investigate any spatio-temporal constraints on object-based priming. To do 
this, four different values were used to displace the location of the objects by 
10, 20, 50 or 300 pixels on each screen refresh to produce motion sequences at 
four different velocities (65, 130, 326 and 980 degrees per second). At the 
slowest velocity objects took 300 milliseconds to traverse from their start to 
end positions at a rate of 0.65 degrees of visual angle every 10 milliseconds. 
At the fastest velocity (2F), this process took only 20 milliseconds, with the 
two objects swapping locations 19.6 degrees apart between two frames. T4e 
four conditions, therefore, produced a range of motion sequences in which 
objects moved at velocities between an easily tracked 65 degrees of visual 
angle per second to nearly 1000 degrees per second. In the latter condition, 
the change in location was perceptually imtnediate as it had been in the 
experimental manipulation employed in chapters 3 to 7 and the 2F condition in 
the experiment 9. 
To control for variation in the time the objects took to travel from their start to 
end locations at each velocity, the onset oftnotion in each trial was delayed by 
a period determined by subtracting the total travel time from the inter stimulus 
interval of 300 milliseconds. This meant that while objects retnained static at 
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the time of priming, the onset of motion varied depending upon the particular 
velocity chosen for each trial. The stimulus onset asynchrony between 
prhning and target presentation, however, re1nained constant across the four 
velocities employed. The order of presentation for trials varying in velocity 
and prime condition was randomly assigned within each block with equal 
numbers of each velocity used. Prime conditions were weighted towards 
feature (and hence object) validity, with 34% of trials in the OSLS condition, 
34% OSLD, 16% ODLS and 16% ODLD. The total number of trials in each 
block was 400 with 272 feature valid trials and 128 feature non-valid trials 
divided equally into the four velocities used. 
8.5.2. Results: Experiment 10 
Figures 8.6a and 8.6b overleaf illustrate the mean RT and percent correct 
scores for targets presented within the feature-primed object when it occupied 
the same (OSLS) and opposite (OSLD) location to that at which it was primed. 
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The above figures · show that prhning produced the fastest and most accurate 
responses when the target was presented in the cued object when it occupied 
the same location it had at the titne of pritning {OSLS). A planned OSLS and 
OSLD conditions by velocity (30, 15, 6 & 2F) MANOVA revealed main 
effects of prime cot?-dition (F2,6= 15.922, p = 0.004) and velocity (F6,42= 2.99, p 
= 0.016), as well as a statistically significant interaction between the two 
(F6,42= 3.932, p = 0.003). Univariate analysis for RT and percent correct scores 
showed that the MANOV A result masked a different pattern of data for each 
tneasure of performance. 
While the main effect of prime was evident in the percent con-ect data (F 1,7= 
33.754, p = 0.001), prime condition did not independently affect RT (F2,6= 
2.426, p > 0.05). Conversely, velocity produced a main effect upon RT (F3,21 
= 8.435, p = 0.001) but not upon percent correct scores (F3,21= 1.739, p > 
0.05). Despite this difference, the interaction term between prime condition 
and velocity was statistically significant for both RT (F3,21= 8.334, p = 0.019) 
and percent correct scores (F3,21= 4.099, p > 0.001), illustrating a reduction in 
priming associated with the cued object as velocity increased. To specify the 
interaction, multivariate comparisons for velocity within each level of prime 
(OSLS and OSLD) were conducted, yielding a significant effect within the 
OSLD condition (F6,42= 3.539, p = 0.006) but no significant effect within the 
OSLS condition (F6,42= 2.1 03, p > 0.05). Linear contrasts in the OSLD 
condition revealed a significant trend in the RT data (F3,21= 11.14, p < 0.001) 
and a linear trend in the percent con·ect scores that approached significance 
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(F3,21= 2.59, p = 0.08).3 The analysis, therefore, revealed a reliable distinction 
between priming in the OSLS and OSLD conditions. Priming for an object 
primed by non-spatial features remains constant at the primed location despite 
changes in the velocity at which the target has moved. Priming associated 
with a moving object rather than the location it was primed, however, declines 
as the object's velocity increases. 
While the previous analysis disambiguates the contribution of location-based 
and object-based priming for dynamic objects primed by their non-spatial 
features, it does not measure location-based priming when the primed object 
has moved from the primed location. Data from Chapter 6 revealed localised 
pritning that is sensitive to the non-spatial attributes of a primed object in both 
egocentric and allocentric coordinate frames (pp. 74). If localised priming for 
dynamic targets reflects the same processes of selection, responses to unced 
objects should also vary according to their location in the current paradigm. 
Figures 8.7a and 8.7b illustrate RT data and percent correct scores for targets 
presented within the uncued object when it occupied the cued (ODLS) and 
uncued (ODLD) location. Figure 8.7 shows that performance was slower and 
tnuch less accurate when the target appeared at the cued location in the uncued 
object (ODLS) than when the target appeared in the uncued object at the 
uncued location (ODLD). 
3 For the linear contrast, contrast weights for each velocity were calculated by subtracting the 
mean of all velocities (30, 15, 6 & 2 frames of motion) from each value in the model to 
produce weights of 16.75, 1.75, -7.25 and -11.25. 
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A two way MANOVA with condition and velocity as within subjects factors 
revealed a main effect of prime condition (F2,6= 34.603, p = 0.001) but no 
main effect of velocity (F6,42= 0.265, p > 0.05) and no prime condition by 
velocity interaction (F6,42= 1.916, p > 0.05). 
Mean RT by Prime Conditon and Velocity 
65 130 326 1960 
Object Velocity (degrees I second) 
Figure 8.7(a) Mean RT is plotted for responses to targets in the ODLS and ODLD conditions 
across the four target velocities used. Error bars indicate l standard error. 
As with the contrasts for objects validly cued by features above, univariate 
analysis reveals a different pattern of localised priming for R T and percent 
correct scores. For RT, the condition by velocity interaction reached statistical 
significance (F3,21= 3.713, p = 0.028) but for percent correct scores, there was 
no reliable interaction (F3,21= 0.245, p > 0.05). The former result reflects a 
171 
slowing of responses at the cued location in the ODLS condition as the 
velocity of the objects between locations increases (see Figure 8.8a). 
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Figure 8.7 (b) mean percent correct scores are plotted for responses to targets in the ODLS 
and ODLD conditions across the four target velocities used. Error bars indicate 1 standard 
error. 
A within subjects contrast for this effect showed that the linear trend was 
statistically significant with inhibition at the cued location for the uncued 
object increasing as a monotonic function of velocity (F3,2 1 = 11.14, p < 
0.001). It is interesting to note that the relative inhibition of reaction time for 
the uncued object at the location originally occupied by the cued object 
occurred at all velocities except the slowest (64.6°/second). Thus when 
priming associated with the moving object is greatest, facilitation at the cued 
172 
---- ---- --------- - -
location (independent of that associated with the cued object) is negated, as is 
the inhibition associated with targets appearing in an uncued object at the cued 
location (see Figures 8.6a and 8.7a). 
8.5.3. Discussion- Experiment 10 
The results of Experiment 10 clearly detnonstrate object-based facilitation that 
varies with changes in the object's velocity. Priming associated with a cued 
object rather than the location it was cued is greatest when the object's motion 
is slow. As the object's motion gets faster, facilitation associated with the 
moving object decreases linearly as a function of the object's velocity. 
Comparisons between static and slow moving targets in Experiment 9 and 
facilitation associated with the cued and uncued location in Experitnent 10 
suggest that object-based priming is accomplished by selective mechanisms 
that update the egocentric location of the cued object as it moves through 
space. As the speed of motion increases (along with the tnagnitude of the 
object's displacetnent between each screen refresh), object-based facilitation is 
reduced as the correspondence between the object's new and recent positions 
becomes harder for the visual system to resolve. The data from Experiments 9 
and 10, therefore, specify the nature of previously reported object-based 
effects (e.g. Lamy & Tsal, 2000; Ro & Rafal, 1999; Tipper et al, 1994; 1999) 
and suggest that these reflect attentional mechanistns that activate information 
about the target's spatial and non-spatial attributes in combination rather than 
representing the object independently of its location in the visual scene (e.g. 
Duncan, 1984; Vecera & Farah, 1994). 
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As well as specifying the spatio-tetnporal constraints on priming associated 
with a moving object, experiment 10 also provides evidence against models 
that preclude the contribution of non-spatial infonnation to object-based 
pritning. Kahnetnan et al (1992) and Lamy & Tsal, (2000) for example, 
distinguish the selection of object files from object features, describing the 
former as a purely spatial mechanism that access objects via their location as 
opposed to one that activates the locations occupied by an object selected on 
the basis of non-spatial attributes. This independence of object-based priming 
from feature continuity, however, is difficult to reconcile with the main effect 
of prime condition in Experitnent 10, particularly as the motion sequences 
were designed to render the trajectory of independent objects ambiguous in the 
absence of the non-spatial information that differentiated each as it moved 
frotn the centre of the screen to its final position. The cuiTent result, therefore, 
is more consistent with tnodels of attention in which top-down, feature driven 
attention activates the (successive) locations of objects primed by their non-
spatial attributes (e.g. Cave et al, 1999; Kiln & Cave, 2001). It also suggests 
that at the very least, object-based selection is influenced by a non-spatial 
component when this is relevant to the task (Lamy & Tsal, 2001 ). 
In addition to the above, the finding that RT and accuracies are reduced at the 
cued compared to the uncued location for uncued objects is evidence for 
activation at the cued location that is sensitive to the non-spatial features of the 
cued object even after it has moved. This result, in particular the relationship 
between the tnagnitude of inhibition at the cued location (for RT) and the 
velocity at which the objects move, suggests facilitation at the cued location 
that operates on the same ptinciple as that associated with the tnoving object. 
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Rather than separating the contribution of location and object-based 
cotnponents of visual attention, experilnent 10 may reflect two spatially 
separate attentionalloci that are both sensitive to the spatial and non-spatial 
attributes of the primed object. In this case, the relative magnitude of 
facilitation (or lOR) would be determined by the velocity of the objects in 
question, with slow velocities biasing the cued object and fast velocities 
biasing the cued location. Evidence that attention is able to select up to five 
objects simultaneously in dynamic scenes supports the possibility that 
attention may accrue to multiple objects or their locations (Pylyshyn & Stotm, 
1988; Scholl et al., 2001). An important itnplication of this finding is the 
possibility that the object-based component of facilitation may persist at a 
location even when it is empty. This does not mean that attention cannot be 
allocated to etnpty locations, but suggests instead that attentional effects are 
sensitive to both locations and the properties of objects that are located there. 
The above finding can be contrasted with the location-based lOR repotied by 
Tipper and his colleagues (1994; 1999). Whereas they report the satne effect 
(inhibition) at both the old and new location of the cued object, Experilnent 10 
reveals opposing effects at the two locations (e.g. inhibition and facilitation 
respectively). While the latter has been interpreted as evidence for separate 
attentional loci operating on the same type of representation, Tipper et al' s 
(1994; 1999) data supports qualitatively different mechanisms of selection at 
each location. One way to reconcile these seemingly disparate accounts is to 
propose that attention initially activates a representation in which spatial and 
non-spatial information is conjoined but where the object-based contribution 
decays more rapidly than its spatial counterpati. If this were the case, the 
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appearance of an uncued (uninl1ibited) object at the cued location might be 
expected to reduce the overall level of inhibition compared to when the cued 
(inhibited) object occupied the cued location. This is exactly the pattetn of 
data repot1ed by Tipper and Weaver (1998). The effect of lOR on RT at the 
cued location for an uncued object is less (15-20 msec) than that associated 
with the cued object (20-25 msec) while the sutn of the two effects is 
equivalent to the inhibition observed when the cued object retnains at the cued 
location. The fact that the inhibition of the uncued object in Experitnent 10 
decreases as a function of the time it takes objects to switch locations (e.g. as 
object velocity decreases) also supports the possibility that the object-based 
component of activation decays tnore rapidly than the spatial component. As 
the period that the cued location retnains empty increases, inhibition for the 
uncued object becomes progressively less until at the slowest velocity, there is 
a reversal of effect with the allocation of attention to the uncued object at the 
uncued location slower than that at the cued location (pure space-based; see 
Fig 8.7a). 
In the account above the direction of effect at the cued location (excitation or 
suppression) is detennined by the relative weight and direction of the 
component processes contributing to feature-driven spatial attention. Both 
excitation and suppression combine at the cued location to determine the 
overall activation of the target's spatial and non-spatial features. For exatnple, 
slow moving targets benefit from facilitation at the new location and 
facilitation associated with the cued features while fast tnoving objects 
produce feature-based facilitation that combines with localised inhibition at 
the uncued location to produce less overall facilitation. 
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The relative weight and direction associated with these components may also 
vary according to their salience, with bottom-up and top-down factors 
affecting the sutn of activation for the cued object at a particular location. 
Recent data from split-brain patients (Tipper et al, 1997) supports such an 
interaction with a dissociation of effects for objects in separate visual fields 
suggesting that the overall activation associated with a cued object is 
attributable to a combination of facilitation and inhibition (mediated by sub 
cortical and cortical processes respectively). Sitnilarly, the effects in 
Experiment 10 can be attributed to the sum of facilitation and inhibition 
(associated with the spatial and object-based components of attention) for an 
endogenously primed object with activation at the originally cued and current 
locations of the object determined by the spatio-temporal parameters of the 
display. When slow velocity motion promotes object continuity for a 
facilitated target, RTs are reduced at the current location of the cued object. 
When object continuity is disrupted, localised effects at originally cued 
location are biased, producing greater inhibition for objects with uncued 
features when they move there. 
The model of feature-driven spatial attention proposed above provides a 
parsimonious account of selective facilitation at the cued location of static and 
moving targets (see previous chapters). Its generalisation to inhibition also 
assumes a cotntnon mechanism of activation with facilitation and inhibition 
operating upon a representation that conjoins spatial and non spatial 
information. There are, however, a number of caveats to the generalisability 
of this account to the lOR data. In particular, Tipper and his colleagues have 
identified a number of dissociations between location and object-based lOR 
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that are difficult to accommodate within the cun·ent model. Atnongst these, 
the finding that lOR at the cued location is longer lasting than that associated 
with the cued object (Tipper & Weaver, 1998) seems at odds with the increase 
of facilitation associated with slow as opposed to fast moving objects. 
Inhibition associated with eye tnovetnents rather than the perceptual systetns 
involved in detecting peripheral cues, also differentiates lOR at the cued and 
the current location of the object, with saccadic inhibition observed at the cued 
location only (Abrams & Dobkin, 1994; Reuter-Lorenz et al, 1996). Whether 
this reflects effects associated with two qualitatively different types of 
representation or simply the balance of location and object-based processes at 
a particular location is open to further investigation. It is possible for example, 
that inhibition occurs only at previous locations while current locations are 
always facilitated. In this case, short-lived lOR associated with the object 
might reflect a dynamic balance between fast decaying object-based inhibition 
and longer lasting, location-based facilitation at the location most recently 
occupied by the moving object. Further research might usefully test this idea 
by investigating manual and saccadic performance for cued objects while 
manipulating the direction of effects and the relative salience of spatial and 
non-spatial infonnation at the cued, current and intervening locations 
throughout the cued object's trajectory. 
8.6. Conclusion 
The results of Experiments 9 and 10 support object-based facilitation that is 
associated with a ll)oving object independently of the location it was cued 
(Lamy & Tsal, 2000; Tipper et al, 1994; 1999). Cotnparisons between 
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facilitation at the egocentric and allocentric coordinate of a cued object for 
slow and fast moving targets suggest that object-based priming reflects a 
process of feature-driven spatial activation at the updated egocentric location 
of the cued object. This interpretation is consistent with the data reported in 
previous chapters, which suppott attentionaltnechanisms that jointly represent 
the spatial and non-spatial attributes of pritned objects. It also supports the 
distinction between priming in an allocentric, object-centred frame of 
reference that codes the relative location of components within an object with 
the representation of separate objects, whose egocentric location is updated in 
real time as they move through space (Chapter 7). Experiment 10 further 
specifies the spatio-temporal nature of this process, hnplicating the 
contribution of spatial continuity over titne as well as feature-based priming in 
activating the representation of a moving object. Changes in the magnitude of 
facilitation associated with the cued location and the current location of the 
cued object as a function of velocity also suggest that priming associated with 
both similarly reflects the contribution of spatial and non-spatial processes. 
Rather than activating two qualitatively different types of representation, it is 
proposed that both effects reflect the sutn of spatial and non-spatial activation 
at the cued location in response to the pritne. This account of selection may 
also be extended to previous studies of lOR. However, before such a 
generalisation can occur, futther research is needed to investigate the potential 
distinction in the type of representation underlying facilitation and inhibition at 
locations originally and subsequently occupied by the cued object. 
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General Discussion 
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9.1. Chapter outline 
The aim of this thesis was to investigate the role of location and the nature of 
spatial information underlying shifts of covelt visual attention. By developing 
an experimental paradigm designed to disambiguate localised facilitation in 
egocentric and allocentric coordinate frames, the thesis systematically 
addresses a number of questions botn frotn a literature characterised by its 
breadth and diversity. At a theoretical level, the thesis also seeks to contrast 
the predictions made by three classes of attentional tnodel: location-based, 
object-based and hybrid accounts such as the Guided search (Wolfe et al, 
1989) and the Integrated Competition Hypothesis 1nodels (Desimone & 
Duncan, 1995). The present chapter first presents a brief review of the 
empirical data repolted in the current thesis before considering its theoretical 
implications. As each chapter contains a discussion that is specific to the data 
repolted within, the final discussion is intended to summarise the overall 
findings in terms of the three types of attentional model described above. It 
then considers the limitations of the current research as well as describing 
potential experiments for future investigation into the way spatial and non-
spatial infotmation combine to guide the allocation of attention to objects in 
the visual scene. 
9.2. Review of the thesis: chapters three to five 
Previous evidence has suggested that selective visual attention activates the 
representations of objects located in a number of different coordinate frames. 
Various experimenters using different empirical tnethods report attention 
related effects in retinotopic coordinates (e.g. Cohen, 1981 ), allocentric 
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coordinates (e.g. Maljkovic & Nakayama, 1996) and in object-based 
coordinates where objects are represented independently of their spatial 
location (Vecera & Farah, 1994). Chapters three to five investigated these 
differences using a single paradigtn to assess priming in egocentric and 
allocentric coordinate when attention is oriented exogenously and 
endogenously to various visual stimuli. In doing so, the first three empirical 
chapters address two specific questions. First, does attention activate objects 
in a coordinate frame that represents their location in terms of body-centred 
coordinates (egocentric) or relative to other objects in the scene independently 
of their body centred coordinate (allocentric)? Secondly, does the level of 
priming (e.g. spatial or non-spatial) constrain the coordinate frame in which 
prhning occurs? Chapter Three was designed to investigate the relative 
magnitude of priming in egocentric and allocentric coordinates for exogenous 
shifts of attention towards objects primed by a peripheral cue. The data reveal 
reliable facilitation for the object at the cued egocentric coordinate but no 
reliable facilitation for the object cued in allocentric coordinates. Post hoc 
analysis also revealed a tnonotonic increase in RT as the distance between the 
cued egocentric location and the target increased. The data, therefore, support 
the assertion that attention is allocated to locations coded in retinotopic 
coordinates (e.g.Cohen, 1981; Tootel et al, 1998) and illustrates a gradient of 
facilitation centred upon the egocentric location of a visual transient when 
attention is reflexively captured by an extetnal event. 
Chapter four investigated whether changes in the way attention was oriented 
would affect the coordinate fi·ame in which facilitation occuned. Drawing on 
the distinction between exogenous cues that capture attention at a particular 
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location and endogenous cues that signal the non spatial attributes of a 
forthcoming target without directly attracting attention at its location (Yantis, 
1998), two experiments were used to assess the magnitude of priming in 
egocentric and allocentric coordinates for objects cued by their colour or 
shape. As with the exogenous shifts of attention, the data revealed reliable 
facilitation at the egocentric coordinate of the primed object. In addition, 
reliable facilitation was also observed at the allocentric coordinate of the cued 
object. This allocentric effect was independent of the previously observed 
egocentric priming and provides evidence that facilitation can simultaneously 
activate locations represented in more than one coordinate frame (see Tipper et 
al, 1994; 1999 for similar findings for lOR) 
The experiments in chapters three and four employed different types of cue as 
well as different visual stimuli. To investigate which of these had been 
responsible for the allocentric effect observed in chapter four, chapter five 
used peripheral cues to prime exogenously objects that were identical to those 
used in chapter four. The results, which revealed pritning at both the cued 
egocentric and allocentric coordinate, suggest the difference in the occurrence 
of allocentric priming in chapters three and four was attributable to the 
differentiation of each object in the triad rather than any constraint hnposed on 
the coordinate frame by the way attention was oriented (e.g. exogenously or 
endogenously). This conclusion is further supported by the fact that pritning 
at the allocentric coordinate was more reliable and produced larger effects for 
the more easily differentiated colour compared to the shape-defined stimuli. 
This is consistent with previous data that reveal an advantage for colour 
compared to shape-defined stimuli when search perfonnance (the allocation of 
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attention) is guided by grouping mechanisms that parse the visual field into 
different perceptual groups on the basis of colour or form (Arguin & 
Cavanagh, 1988). 
9.3. Review of the thesis: chapters six to eight 
The data from chapters three to five suggested there may be a difference in the 
type of representation underlying priming in egocentric and allocentric 
coordinates. While prhning at the egocentric location was observed 
independently of the non-spatial features that differentiated objects in the 
display (chapter 3) allocentric priming only occurred when objects in the triad 
could be distinguished by their colour or shape (chapters 4 & 5). Chapter six 
investigated this difference by measuring the sensitivity of pritning at locations 
in both coordinate frames to the non-spatial feature that attention was oriented · 
to. Modifying the display to manipulate the feature (colour) rather than the 
spatial validity of objects cued in egocentric and allocentric coordinates, the 
results revealed priming at locations in both coordinate frames that varied as a 
function of feature validity. Target discrimination was faster at the cued 
egocentric and allocentric location when the target appeared in an object that 
was the same colour as the cue and slower when it appeared in an object with a 
different colour. 
Cotnparisons between priming at the egocentric and allocentric coordinate 
revealed a quantitative difference in the magnitude of priming between thetn 
but no qualitative difference. Valid primes at the egocentric coordinate 
produced grater facilitation than those at the allocentric coordinate while 
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invalid primes produced responses that were significantly slower than baseline 
responses only at the allocentric coordinate. This difference was interpreted as 
evidence for priming in egocentric and allocentric coordinates that reflected 
activation at two different levels of spatial representation. While priming at 
the egocentric location could occur in the absence of non-spatial information, 
directing attention to the location of an object specified by a unique non-
spatial feature produced facilitation that was sensitive to location and feature 
in both coordinate frames. Facilitation at the egocentric coordinate, however, 
occurred independently of changes in the relative location of objects in the 
triad while facilitation at the allocentric coordinate was disrupted by changes 
in the relative locations of each object in the triad as it tnoved from its initial 
location. 
Chapter seven was designed to investigate whether the differences observed in 
the occurrence and magnitude of egocentric and allocentric priming reflected 
the distinction drawn between scene-based and object-centred coordinates (e.g. 
(Baylis & Driver, 1993, Humphreys, 1998; Tipper et al., 1999). Based on 
previous experitnents that manipulated grouping using pictorial cues, chapter 
seven compared facilitation at the cued egocentric and allocentric coordinate 
for stimuli that were either separated or grouped using an adjoining or 
enclosing line. The results revealed priming at the cued egocentric and 
allocentric coordinate but failed to produce a main effect of grouping or any 
significant interactions between grouping and priming at the allocentric 
coordinate. For colour-defined stimuli, however, a reliable interaction 
between grouping and pritning at the cued egocentric coordinate was 
observed. Post-hoc comparisons for each pritne condition also revealed a 
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reliable advantage for grouped compared to separate objects when attention 
had to be reoriented frotn the cued egocentric location to a location that was 
adjacent within the triad of colour-defined objects. The fact that this object-
based advantage was evident in displays that produced no main or shnple 
effects of grouping in either coordinate fratne was interpreted as evidence that 
the pictorial cues used to manipulate grouping had a minimal effect upon 
object-centred representations that had already been formed on the basis of 
spatial proximity and cotnmon motion in the display. This interpretation is 
consistent with a dual coding account of attention and suggests that differences 
in the occurrence and magnitude of priming in egocentric and allocentric 
coordinates reflects the activation of locations at two different levels of spatial 
description; one that represents the egocentric location of separate objects and 
one that represents the allocentric location of component parts within a single 
object or perceptual group. 
The results reported in chapters three to seven demonstrate facilitation that is 
influenced by the spatial and non-spatial parameters in two coordinate frames. 
Chapter eight was designed to investigate the nature of spatial representation 
underlying priming associated with a moving object rather than the locations 
at which they were primed. Using multi frame tnotion sequences, the 
experimental paradigm from previous chapters was modified in the first 
experiment to contrast priming at the cued egocentric location with that at the 
cued allocentric location when the triad of objects moved instantaneously (2F) 
and when it moved continuously (MF) throughout 45 degrees of travel. The 
results support object based priming that moved with the object rather than 
being tied to the cued location (e.g. Tipper et al, 1999). Performance in the 
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MF condition was statistically equivalent to that in the valid (static) condition 
and reliably faster and more accurate than that in the 2F condition. The fact 
that object based priming associated with a tnoving target had produced 
equivalent facilitation to that observed in the static (valid) condition was 
interpreted as evidence for a common spatial selective tnechanism in both 
conditions rather than separate mechanisms that operated independently on 
spatial and non-spatial representations of the cued object in each case. 
Experiment ten (chapter 8) adopted a new paradigm to investigate further the 
nature of the spatial representation underlying object-based priming. Using 
two objects that moved independently of each other, the experiment was 
designed to assess prhning associated with both the cued object and the cued 
location while manipulating the spatia-temporal parameters of the display. 
The data revealed a relationship in the magnitude of priming associated with 
the cued object with facilitation increasing as the object's velocity decreased. 
At the same time, priming associated with the cued location independently of 
the cued object decreased as object velocity decreased. This reliable effect is 
consistent with the idea that object-based attention operates by activating the 
object's non-spatial propet1ies as it moves across successive locations in the 
visual field. The data also reveal a spatio-temporal constraint on this process, 
with object-based priming breaking down for fast tnoving objects. When this 
occurs, facilitation remains tied to the originally cued location, with the 
relative magnitude of priming at the original and new location of the cued 
object varying as a function of the object's motion and velocity. 
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9.4. Theoretical implications 
The aim of the current thesis was to investigate the role and nature of spatial 
information in guiding the allocation of selective attention. In answer to the 
role of spatial infonnation, the data provide clear evidence that allocating 
attention to an object involves attending to the object's location. In answer to 
the second question, the data reveal localised facilitation in multiple 
coordinate frames. Facilitation was observed at both the cued egocentric and 
allocentric coordinate when attention was exogenously or endogenously 
oriented towards a location primed by a visual transient or a non-spatial 
feature respectively. This is consistent with the idea that the brain computes 
multiple rather than a unitary representation of space (Anderson, 1997; Colby 
& Goldberg, 1999; Tipper & Weaver, 1998) and suggests that attention is able 
to operate at different levels of spatial description (e.g. Baylis & Driver, 1993; 
Humphreys, 1998; Umilta et al, 1995; Tipper & Weaver, 1998). The fact that 
pritning at the cued egocentric and allocentric coordinate occurred 
independently of the way attention was oriented also argues against a model of 
attention in which the level of activation is constrained by the type of 
infotmation conveyed by the cue (e.g. Maljkovic & Nakayama, 1996; Vecera 
& Farah, 1994). Instead, the data support a more flexible account in which 
attention is allocated to object representations that incorporate spatial and non-
spatial infotmation at a number of different levels of representation (e.g. 
Robertson, 1999; Behrmann & Hatnison, 1999; Behrmann & Tipper, 1994; 
Downing & Kanwisher, 2001; Lavie & Driver, 1996; Umilta, 2000). 
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The reliable effect of priming at both the cued egocentric and allocentric 
coordinate in the current thesis is difficult to reconcile with pure object-based 
models of attention (e.g. Duncan, 1984; Vecera & Farah, 1994). In particular, 
the notion that attention can be oriented to objects represented independently 
of their location is not supported by the localised effects found in either 
coordinate fratne or the finding that object-based priming is constrained by the 
spatia-temporal parameters of the display (chapter 8) . . Instead, the data 
support the importance of spatial information in guiding the allocation of 
attention (Triesman, 1998; Tsal & Lamy, 2000). The results from the. initial 
chapters, however, do not distinguish between pure space-based (e.g. ｅｲｩｫｾ･ｮ＠
& Eriksen, 1974; Estes, 1982; Triesman & Gormican, 1988) and hyb_rid 
models of attention (e.g. Cave, 1999; Desimone & Duncan, 1995; Wolfe et al, 
1989). Localised priming for endogenously cued objects for example, could 
either indicate a serial search of locations in egocentric and allocentric 
coordinates or feature driven activation at the location at which the cued 
feature appears. Although localised priming on its own can not distinguish 
between these two accounts, the difference in the occurrence and magnitude of 
priming in allocentric coordinates between the colour and shape-defined 
stimuli provides some indication of the importance of non-spatial information 
in guiding attention to the location of objects in the visual scene. While faster 
RT and greater accuracy as a result of local feature contrasts (bottotn-up 
information) might be expected to increase the effectiveness of a top-down 
bias for locations with the selected feature, it is difficult to imagine how it 
might increase the efficiency of a serial search that proceeds through locations 
independently of the non-spatial features present (or any bottom-up activity 
that differentiates objects independently of focal attention). 
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The data from chapters six and seven add further support for the contribution 
of non-spatial information to localised priming. In chapter six, facilitation at 
the cued egocentric and allocentric location was ｳｨｯｾｮ＠ to be sensitive to the 
non-spatial feature cued, with RT and percent correct scores varying according 
to the congruence of an object's colour at the attended location when attention 
was first oriented and when the discrimination target appeared. Rather than 
supporting spatially localised facilitation that is independent of the attention-
driving feature (e.g. Triesman & Gonnican, 1988), this result provides support 
for feature driven spatial attention (Crepeda et al, 1998; Kim & Cave, 2001) 
where the top-down activation of a non-spatial feature biases activation at 
locations in a spatiotopic representation of the visual field (see also Van der 
Vel de & De Kamps, 2001 ). In addition, the finding that pictorial cues affect 
the way attention moves between separate objects coded within a single 
perceptual group emphasises the contribution of pictorial cues over and above 
spatial proxitnity in determining the way attention is allocated (e.g. Donnelly, 
1991; Fox, 1998). Chapter seven, therefore, provides additional support for 
the role of non-spatial information in parsing the scene into objects or 
perceptual groups that are represented at a particular spatial location (Kramer 
& Jacobson, 1991; Lavie & Driver, 1996). Further support for this interactive 
account comes from chapter eight where object-based pritning for moving 
targets that would be ambiguous in the absence of non-spatial information 
produces facilitation that is constrained by the spatio-tetnporal parameters of 
the display. Attentional activation of objects primed by non-spatial feattu·es, 
therefore, depends upon spatial continuity within the display with motion 
correspondence an integral part of feature driven facilitation at the successive 
locations occupied by the primed object. 
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The pattern of data observed throughout the thesis clearly suppotis a hybrid 
tnodel of attention (e.g. Behnnann & Hatnison, 1999; Desimone & Duncan, 
1995; Cave, 1999; Wolfe et al, 1989). Objects are not facilitated 
independently of their locations and localised facilitation is sensitive to the 
primed feature when non-spatial information provides a means of 
differentiating (or grouping) objects in the scene. This interactive account is 
supported by the findings tln-oughout the thesis as well as a growing body of 
evidence supporting the joint contribution of spatial and non-spatial 
information in guiding the allocation of attention (e.g. Behrmann & Tipper, 
1994; Crepeda et al, 1998; Driver, 1995; Egly et al, 1994; Gilchrist et al, 1996; 
Goldberg, 1996; Kim & Cave, 2001; Kramer & Jacobson, 1991; Lamy & Tsal, 
2000; Lavie & Duncan, 1996; Tipper et al, 1999; Tsal & Lamy, 2000). This 
should not be seen as a challenge to modular accounts of neural processing nor 
the idea that spatial and non-spatial components of visual orienting are 
separable (e.g. Tipper et al, 1994; 1999; Schendell et al, 2001). Instead it 
suppotis the role of attention as a mechanistn that jointly activates (binds) the 
different levels of non-spatial information associated with an object or 
perceptual group at a given location. Consistent with biased competition (see 
Desimone & Duncan, 1995; Vecera & Behrmann, 2001) and Guided Search 
models of attention (e.g. Wolfe, 1989; Cave, 1999), the data supports the co-
activation of infotmation across separate cortical areas without constraining its 
initial locus (top-down or bottom-up), direction or extent across the distributed 
neural network responsible for the localised representation of objects. 
The results of the cunent thesis contribute to our understanding of the way 
attention operates by integrating the perceptual information associated with 
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separate objects in the spatial coordinate frames necessary to suppot1 a range 
of perceptual motor behaviours (e.g. Abratns & Pratt, 2000; Robertson, 1999). 
The findings of the current thesis are, therefore, consistent with the claim that 
feature driven spatial attention operates via the dual processes of integration 
and segregation. In the first case, information at different levels of description 
for a single object is conjoined while in the second, activity across the cortical 
maps representing the object's spatial and non-spatial attributes is biased 
relative to other objects in the scene. Although this is consistent with both 
biased competition and Guided Search models, an important distinction 
between the two is the extent to which these processes are considered to reflect 
attentive and pre-attentive mechanisms. According to biased cotnpetition 
models, selective bias favouring one object's representation over another is the 
result of competition between the neural circuits that represent objects pre-
attentively grouped on the basis of common location and non-spatial principles 
(e.g. figure ground segregation; Chelazzi, 1999). The activation of one object 
over others (or the allocation of attention to an object) sitnply reflects the 
ascendancy of the neural circuits that represent that object compared to other 
objects in the scene. In contrast, Guided Search tnodels assume an additional 
layer with the competitive weight of an object (influenced by top-down and 
bottom-up input) detetmining where a separate serial attentional mechanism is 
deployed rather than constituting attention itself (e.g. Cave, 1999). In this 
case, competitive bias reflects pre-attentive mechanistns that highlight the 
tnost likely position of the intended target. While either type of model can 
easily accommodate the current data, the distinction between the two 
highlights an ongoing debate about the nature of attention and the way spatial 
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and non-spatial information contribute either to its instantiation or its 
allocation. 
9 .5. Limitations and suggestions for further work 
The account of attention advocated within this thesis highlights the flexibility 
of visual selective mechanisms. While providing considerable explanatory 
power, the potential circularity of such an account places an onus upon 
researchers to devise a set of falsifiable predictions. This demand is 
particularly applicable to a number of the findings and interpretations offered 
in the current thesis. In chapter seven for example, a null result (the lack of 
any main effect of grouping) is interpreted as evidence that at one level of 
spatial desctiption, the triad of objects had already been grouped on the basis 
of spatial proxitnity and common motion. While this interpretation is entirely 
consistent with the data, it is important that future experiments substantiate 
this interpretation using a set of falsifiable predictions rather than null results. 
A stronger claim for example, could be made by future research contrasting 
the results for the current stimuli with experiments designed to disrupt 
grouping on the basis of spatial proxhnity and comtnon motion. By varying 
the tnotion parameters and final destination of each object in the triad 
individually, future experiments could test the claitn that priming at the 
allocentric coordinate depends upon the stability of the internal spatial 
relations that define the relative location of an object's parts. Similarly, 
chapter eight proposes a model of selection where the magnitude and direction 
(facilitation or inhibition) of activation reflects the sumtned contribution of 
spatial and non-spatial mechanistns at the location of the cued object. The 
193 
generalisation of this model to lOR data presents an alternative account to that 
offered by Tipper et al (1994; 1999) who proposed separate attentional 
mechanisms associated with the cued location and the cued object. To further 
substantiate either account, future work must investigate both facilitation and 
lOR for cued objects and locations while manipulating the spatio-tetnporal 
paratneters of objects in the display. This would not only directly address the 
generalisability of the current account to IOR but also highlight any 
differences in the nature of spatial representation underlying facilitation and 
inhibition. Such an experiment might adopt single and double cues to 
manipulate the direction of effect (facilitatory or inhibitory) for peripherally 
cued objects that either remained at a single location or moved across the 
visual field. In addition, the non-spatial parameters associated with the cued 
object might also be manipulated in order to investigate the relative 
contribution of feature continuity to object based facilitation and inhibition. 
9.6. Conclusion 
The current thesis reports a series of experitnents designed to investigate the 
role and nature of spatial representation in guiding shifts of selective attention. 
The results demonstrate a range of findings that are consistent with hybrid 
models of attention and support attentional mechanisms which integrate spatial 
and non-spatial infotmation at the location of a cued object. Furthennore, the 
data provide strong evidence that feature-driven spatial attention operates in 
more than one coordinate frame. At a scene-based level of description, the 
egocentric location of separate objects is represented while at an object-
centred level; the spatial relations of the component parts within a single 
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object are represented. Allocating attention towards an object always entails 
its localisation in one or more coordinate frames regardless of the way 
attention is oriented and localised prhning is sensitive to non-spatial 
information when this differentiates objects in the scene. The series of 
experiments reported, therefore, provide a range of results that support a 
flexible account of attention in which selection operates by biasing activation 
at a number of levels of spatial and non-spatial description towards objects that 
are localised in more than one spatial coordinate frame. 
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